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« ^MnUJtt 1-AUS0QUIN0LINBS AGAINST CANCER 
2-SUBSTITUTED PYRR0L0 (2 .l-*> « 

BACKGROUND OF THE INVENTION 

„ inhibit of phosphc—e ,0a, a prccess for prepanng *- - p 
m cfhod of treating cancer by administering these compounds. 

* h hydl T « r^in the motion of ceU* proUfetanon (T X Snaw =t 

transcriptional en^at - ^ ^ ^ ^ ^ sd . ^ 26 

al., Exp. CeU Res. 2D. » (»• clin . mvest 

(20 00 ); W., U*. e. aU — ( . ^ ^ rf 

qc U o 0 n 995V Ml Medtueks et al., FEBb Lett, ^t, 

95, 14yu (.l*^;, « Qf » V eral human tumor cell lmes, 

including those derived from breast, lung 

Biochem. Pharmacol. 63, 659 (2002); S.B. «^ - f / J. ^ 340 
Fent hnen et al., Mol. Biol. Med. , SI (19^ 

Peptides 24, 15 (1989)). * ^ ^ fa cAMp 

production through stimulation of adenyla ^ 
catabolism through fruition of phosphodiesterase ^nasbeen^ 

, w.k of cAMP and growth inhibition (D. Melck et al., *a» 
increased steady state levels of cAMJr » ^ 

im 935 (1999V N Veber et al., Eur. J. Cancer 30A, 1352 (1994), J a 
Letters 463, 235 (UW), w. vcu ^ 

T ♦ in 1 107 fl987); T.A. Slotkm et al., Breasi ^aiu,c 
al., J. Natl. Cancer Inst. 7£, 1 107 (19« 

**r. i^onoOYk In contrast to breast tumor cell lines, normal num 
Treatment 60, 153(2000)). income ^ ,, ilflr cAMP (i.s. 

to proliferate by elevation of mtracellular cAMf v-o 
eoithelial cells are stimulated to promerai y P i eva tion 
.^MMrf^l (1984)). These observations suggest that elevation 
FentimenetaI.,Mol.Biol.Med.2 J 81(lW interestingly, 
« , imp ™v selectively inhibit breast tumor cell proliferation. Interestingly, 
) of intracellular cAMP may selectively 

^ a fw nennlastic mammary tissues have higher levels oi 
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gain a grcwfh or survival advantage by seeptag intracellular cAMP levels in check (A. 
Larks Singer et al. Cancer Res. 3£, 60 (1976)). 

the 1CAST (Inhibitor of Cyclic AMP Signal Iransduction) gene encodes a specific 3',5'- 
cyclic nucleotide phosphodiesterase. Compared to corresponding normal tissues, ICAST 
utfNA is overexposed in breast carcinoma specimens, liver metastases of colorectal 
carcinoma and non-small cell lung carcinomas. The ICAST cDNA was also recentiy 
cloned by other soups and named PDE 10a (X Fujisbige et a.., J. Biol. Chem. 221, 18 
438 (1999); S.H. Soderling e. al., Proc. Nad. Acad. Sci. USA S& 7071 (1999); K. 
Loughney ct al., Gene 234, 109 (1999)). Published expression data for ICAST mRNA 
show a very limited distribution across adult human tones, with highest levels observed 
intotestis.cnudaennc.ensandpu.amenOC.Fujisbigeetal., 1999). Increased expressron 
of ICAST mRNA in human tumor specimens indicates mat ICASTmay play an important 
ro ,e in tumor cel. growm and/or survival »nd* conditions of elevated cAMP generation. 
Selective inhibition of ICAST activity in tumor cods should lead .0 increased cAMP 
a conconustionsandgrowtbin.ubition. The expression profile oflCAST and tire pubush«l 
reporta indicating drat breast, lung and colon carcinomas are particularly sensitive to 
elevation of intracellular cAMP indicate that ICAST may play critical roles specificaUy m 
ftose tirmor W as. In addition .0 elevation of cAMP, inhibition of ICAST activity should 
a!so decrease me intracellular concentration of 5-AMP, which could limit purine pools and 
20 DNA synthesis in rapidly dividing tumor cells. 

Pyrrolo[2.1-a]isoquinolme derivatives of formula (A) are described in J. Med. Chem. 27, 
1321 (1984) and in J. Med. Chem. 3_L 2097 (1988): 
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R' 



(A) 



R 1 



illllt 



R' = H, OMe, CI 

R" = H, CI 

R m =H, Me 

R ,M ', R ,n " = Me, Et, i-Pr, C 6 H in 



These compounds are described as having antineoplastic activity, which however is stated 
to be due to the caibamate moieties being electrophilic centers enabling the compounds 
(A) to react via an alkyl-oxygen cleavage mechanism. It is not mentioned that these 
compounds have any PDE 10a inhibitory activity. 

Tetracyclic compounds of formula (B) containing a pyrrolo[2.1-a]isoquinoline moiety are 
described in Arch. Pharm. 32L 481 (1988): 



The compounds (B) are described as having anti-tumor activity due to their ability to 
intercalate into DNA. It is not mentioned that they have any PDE 10a inhibitory activity. 

The synthesis of pyrrolo[2.1-a]isoquinoline derivatives of formula (C) is described in H. 
Meyer, Liebigs Ann. Chem. 9, 1534-1544 (1981): 




R = H, OMe 
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Et0 2 C FT 



R =H,OCH 3 
R" = CH 3 , C 6 H 5 
R" = C 6 H 5 
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These compounds are not described as having any biological activity, and it is not 
mentioned that they have any PDE 10a inhibitor activity. 

Compounds of the formula (D) are described in GB 1 153 670 A: 




R" (D) 

R' R'« 

R =H 1 C0 2 H,C0 2 R"" 
r- = H, C0 2 H, C0 2 R ,,M 
R ». = c 6 H 5 , CH 3 , C0 2 R" 



These 



^pounds are described as having hypotensive, sympatholytic and psychotropic 
properties, hut it is not mentioned thattheyhave any PDE 10a inhibitory achv.^. 

The synthesis of compounds of the formula (E) is described in US Patent 4,694,085: 



15 
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(Hill 



R =H,CH 3 ,OCH3 
R" = H, CH 3 
R- = C 6 H 5 , CH 3 , C0 2 R' 
R"" = H, CH 3 



Itisnotmentionedmat these compounds have any PDE 10a inhibitory activity. 
5 Derivatives of the formula (F) are described in WO 98/551 18: 




R =H,CI,OCH 3 
R" =CH 3 

R- = OR , CH 3l NH 2 
R"" = H,CH 3 , OR'"" 

These compounds are described as useful for me treatment of diseases such as psoriasis. 
10 However, me compounds disclosed in WO 98/551 18 are described as having virtually no 
cytotoxic activity.it is *»^^^*™ l ***^ U *'*' 

BRIEF SUMMARY OF THE INVENTION 

15 Surpnsmgly.ithasb^ 

of the present invention inhibit PDE 10a and exhibit an antiproliferative activity. 
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The present invention relates to a compound of the formula 



PCT/US02/40328 



wherein 




(I) 



dependency from each other denote zero or 1; 



x and y m< 

R'andR 2 independently from each other denote hydrogen, C M -alkyl or 

trifluoromethyl or 
R 1 and R 2 together form a C M -alkylene bridge; 

R 3 andR 4 independently from each other denote C^-alkyl optionally further 
substituted with halogen up to perhalo; 

r 5 denotes a radical of the formula 




wherein 

R 6 denotes C^-alkyl, trifluoromethyl, trifluoromethoxy, halogen, 

hydrogen, hydroxy or C^-alkoxy; 
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XandY independently from each other denote 



15 



i) hydrogen; 
5 ii) Ci-6-alkoxy; 

hi) C 3 . 8 -cycloalkyl, optionally having from 1 to 3 substituents selected 

from the group consisting of Cu-alkyl, hydroxy, benzyloxy, CW 

trialkylsilyloxy, halogen and Ci-e-alkoxy, 

iv) C 5 . 8 -cycloalkyl fused to C 6 -C 10 -aryl, optionally having from 1 to 3 
1Q substituents selected from the group consisting of hydoxyl, C^- 

alkyl, trifluoromethyl, trifluoromethoxy, C 3 . 8 -cycloalkyl, halogen 
and Ci-e-alkoxy, 

v) C 5 -Cio-bridgedbicycloalkyl; 

vi) C 6 -C 10 -aryl optionally having from 1 to 3 substituents selected from 
the group consisting of CWalkyl, C 3 . 8 -cycloalkyl, C^-alkoxy, (Ci- 
6 -alkyl)-carbonyl, (C^-alkoxy)-carbonyl 5 trifluoromethyl, 
trifluoromethoxy and halogen; 

vii) phenyl fused to a 5- to 7-membered saturated cycloalkyl, optionally 
containing up to two hetero atoms selected from the group 

20 consisting of O, N, and S; 

viii) heterocyclyl, optionally having from 1 to 3 substituents selected 
from the group consisting of C^-alkoxy, phenyloxy, benzyloxy, d. 
6 -alkyl, C 3 . 8 -cycloalkyl, trifluoromethyl, trifluoromethoxy, halogen 
and benzyl; 

25 ix) heteroaryl; or 

x) c w -alkyl, optionally having from 1 to 3 substituents selected from 

the group consisting of 

a) halogen up to perhalo, 

b) cyano, 

c) -OR 7 , 

d) -NR 7 R 8 , 



30 
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e) Cfi-Cio-aryl, optionally having from 1 to 3 substituents 
selected from the group consisting of halogen, nitro, Ci^- 
alkyl, C 3 _ 8 -cycloalkyl, -OR 7 , -NR 7 R 8 , (Ci^-altyl)-carbonyl, 
(C w -alkoxy)-carbonyl, d-6-alkoxy, trifluoromethyl, 
trifluoromethoxy, -C(0)]SIR 7 R 8 , cyano, -SR 7 , and C 6 -Ci 0 -aryl, 

f) phenyl fused to a 5- to 7-membered saturated cycloalkyl, 
optionally containing up to two hetero atoms selected from 
the group consisting of O, N, and S, 

g) heteroaryl, optionally having from 1 to 3 substituents selected 
from the group consisting of Ci- 6 -alkyl, C 3 -8-cycloalkyl, 
hydroxy, d-e-alkoxy, benzyloxy, halogen and 
trifluoromethyl, 

h) heterocyclyl, optionally having from 1 to 3 substituents 
selected from the group consisting of Ci. 6 -alkyl, Ci-e-alkoxy, 
C 3 . 8 -cycloalkyl, halogen and benzyl, and 

i) Cs-g-cycloalkyl, optionally having from 1 to 3 substituents 
selected from the group consisting of Ci-e-alkyl, Ci^-alkoxy 
and hydroxy; 

wherein R 7 and R 8 independently from each other denote 

1) hydrogen, 

2) Ci-6-alkyl, optionally further substituted with 1 to 3 
substituents selected from the group consisting of hydroxyl 
and halogen, 

3) C3-8-cycloalkyl, 

4) benzyl, 

5) Q-Cio-aryl optionally having from 1 to 3 substituents 
selected from the group consisting of Ci-6-alkoxy, Ci-6-alkyl, 
C 3 . 8 -cycloalkyl, trifluoromethyl, trifluoromethoxy and 
halogen, or 

6) heteroaryl; 
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or 



X and Y together with the nitrogen atom to which they are attached form 
5 heteroaryl or heterocyclyl, wherein said heteroaryl or heterocyclyl 

may optionally have from 1 to 3 suhstituents selected from the group 
consisting of 

i) C 3 -8-cycloalkyl; 

ii) Ci-e-alkyl, optionally having from 1 to 3 substituents selected from 
10 the group consisting of C 3 -8-cycloalkyl, hydroxy, Ci-6-alkoxy, 

halogen, phenylamino, morpholinyl, (Ci^alkyl)-aminocarbonyl, 
benzo[2,3]dioxolyl and C 6 -Ci 0 -aryl, wherein said aryl is optionally 
substituted with Ci-s-alkyl or Ci-g-alkoxy, 

iii) Ce-Cio-aryl, optionally having from 1 to 3 substituents selected from 
15 the group consisting of halogen, CWalkoxy, C^-alkyl, C3.8- 

cycloalkyl, trifluoromethyl, trifluoromethoxy and cyano, 

iv) hydroxy; 

v) Cw-alkoxy; 

vi) Ci^-dialkylamino; 

20 vii) (C w -alkoxy)-carbonyl; 

viii) aminocarbonyl; and 

ix) heteroaryl; 



or 

25 

X and Y together with the nitrogen atom to which they are attached form 
heterocyclyl fused to Ce-Qo-aryl, optionally having from 1 to 3 
substituents selected from the group consisting of halogen, Ci^- 
alkyl, C 3 . 8 -cycloalkyl, Q-e-alkoxy and hydroxymethyl; 

30 
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X denotes hydrogen and 

Y denotes -NR 9 R 10 ; 

wherein R 9 and R 10 independently from each other denote 

1) hydrogen, 

2) Ce-Cio-aryl, optionally having from 1 to 3 substituents 
selected from the group consisting of halogen, Ci^-alkyl, C 3 . 
8 -cycloalkyl, CWalkoxy, trifluoromethoxy and 
trifluoromethyl, 

3) heterocyclyl, 

4) C 3 .8-cycloalkyl, or 

5) C^-alkyl; 



or 



R 9 and R 10 together with the nitrogen atom to which they are 
attached form heterocyclyl or heteroaryl, wherein said heteroaryl or 
heterocyclyl may optionally have from 1 to 3 substituents selected 
from the group consisting of CWalkyl, C^-alkoxy, halogen and 
methoxymethyl; 

and an isomer, a pharmaceutical^ acceptable salt, a hydrate or a hydrate of a 
pharmaceutically acceptable salt thereof. 

An alternative embodiment of the present invention relates to compounds of the formula 
(I), wherein 

x and y independently from each other denote zero or 1 ; 

R l andR 2 independently from each other denote hydrogen, C M -alkyl or 
trifluoromethyl; 



10 



WO 03/051877 



PCT/US02/40328 



R W Wepeadeatty torn each ofoer denote opSooaUy tofter 

substituted with halogen up to perhalo; 



r 5 denotes a radical of the formula 




wherein 

R 6 denotes halogen, hydrogen, hydroxy or C^-alkoxy, 



XandY in< 



i) hydrogen; 

ii) Ci-e-alkoxy, 

iii) C 3 . 8 -cycloalkyl, optionally having from 1 to 3 substituents selected 
from the group consisting of C^-alkyl, hydroxy, benzyloxy and C v . 
6 -trialkylsilyloxy; 

iv) C 5 -8-cycloalkyl fused to C 6 -C 10 -aryl, optionally substituted with 1 to 

3 hydoxyl; 

v) C5-C10 bridged bicycloalkyl; 

vi) C 6 -C 10 -aryl, optionally having from 1 to 3 substituents selected from 
the group consisting of C^-alkyl, C^-alkoxy and (C^-alkyl)- 
carbonyl; 

vii) phenyl fused to a 5- to 7-membered saturated cycloalkyl, optionally 
containing up to two hetero atoms selected from the group 
consisting of O, N, and S; 
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vjii) heterocyclyl, optionally having from 1 to 3 subattanta seleoted 
torn the group consisting of C ,^-alkoxy, phenyloxy, benzyloxy, and 

benzyl; 

ix) heteroaryl; or 

x) C^-alkyl, optionally having from 1 to 3 substituents selected from 
the group consisting of 

a) halogen up to perhalo, 

b) cyano, 

c) -OR 7 , 

d) -NR 7 R 8 , 

e) Q-do-aryl, optionally having from 1 to 3 substituents 
selected from the group consisting of halogen, nitro, hydroxy, 
d-6-alkyl, -NR 7 R 8 , C^-alkoxy, trifluoromethyl, 
trifluoromethoxy and C6-Cio-aryl, 

f) phenyl fused to a 5- to 7-membered saturated cycloalkyl, 
optionally containing up to two hetero atoms selected from 
the group consisting of O, N, and S, 

g) heteroaryl, optionally having from 1 to 3 substituents selected 
from the group consisting of d-e-alkyl, hydroxy, d-s-alkoxy, 
benzyloxy and trifluoromethyl, 

h) heterocyclyl, optionally having from 1 to 3 substituents 
selected from the group consisting of d-e-alkyl and benzyl, 



25 



30 



i) d-g-cycloalkyl, optionally further substituted with 1 to 3 
substituents hydroxy; 

wherein R 7 and R 8 independently from each other denote 

1) hydrogen, 

2) d-6-alkyl, optionally further substituted with 1 to 3 
substituents hydroxyl, 

3) benzyl, 
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4) C 6 -Cio-aryl, optionally further substituted with 1 to 3 
substituents Ci-e-alkoxy, or 

5) heteroaryl; 



X and Y together with the nitrogen atom to which they are attached form 
heteroaryl or heterocyclyl, optionally having from 1 to 3 substituents 
selected from the group consisting of 

i) C3.8-cycloalkyl; 

ii) C^-alkyl, optionally having from 1 to 3 substituents selected from 
the group consisting of C 3 . 8 -cycloalkyl, hydroxy, C^-alkoxy, 
phenylamino, morpholinyl, (Cu-alkyl)-aminocarbonyl, 
benzo^dioxolyl and C 6 -C 10 -aryl, wherein said aryl is optionally 
substituted with C^-alkyl or Ci. 6 -alkoxy, 

iii) C 6 -C 10 -aryl, optionally having from 1 to 3 substituents selected from 
the group consisting of halogen, Q-s-alkoxy, trifluoromethyl and 
cyano; 

iv) hydroxy, 

v) Ci-6-alkoxy; 

vi) Ci^-dialkylamino; 

vii) (d-e-alkoxy^carbonyl; 

viii) aminocarbonyl; and 

ix) heteroaryl; 



or 



X and Y together with the nitrogen atom to which they are attached form 
heterocyclyl fused to Cs-do-aryl, optionally having from 1 to 3 
substituents selected from the group consisting of halogen, Ci-e- 
alkyl, Ci-e-alkoxy andhydroxymethyl; 
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or 



X denotes hydrogen and 

Y denotes -NR 9 R 10 ; 



wherein R 9 and R 10 independently from each other denote 

1) hydrogen, 

2) QrCio-aryl, optionally having from 1 to 3 suhstituents 
selected from the group consisting of halogen, CWalkyl and 
trifluoromethyl, 

3) heterocyclyl, 

4) C3-8-cycloalkyl, or 

5) Ci-6-alkyl; 



or 



R 9 and R 10 together with the nitrogen atom to which they are 
attached form heterocyclyl or heteroaryl, wherein said heterocyclyl or 
heteroaryl optionally have from 1 to 3 substituents selected from the 
group consisting of Ci. 6 -alkyl and methoxymethyl; 

and an isomer, a pharmaceutical^ acceptable salt, a hydrate or a hydrate of a 
pharmaceutically acceptable salt thereof. 

A further alternative embodiment of the present invention relates to a compound of the 
formula (I), wherein 

x and y each other denote 1 

R 1 and R 2 independently from each other denote hydrogen or C M -alkyl; 
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R 



denotes Ci-6-aIkyl or trifluoromethyl; 



R 



denotes Ci-4-alkyl; 



5 R 



denotes a radical of the formula selected from the group consisting of: 




and 




wherein 



10 



X and Y independently from each other denote 



15 



20 



i) hydrogen; 

ii) Ci-6-alkoxy; 

iii) C 3 . 8 -cycloalkyl selected from the group consisting of cyclopropyl, 
cyclobutyl, cyclopentyl, and cyclohexyl, said Cj-g-cycloalkyl 
optionally having from 1 to 2 substituents selected from the group 
consisting of C^-alkyl, hydroxy, benzyloxy and tert- 
butyldimethylsilyloxy; 

iv) indanyl, 2-hydroxyindanyl, or 1 ,2,3,4-tetrahydronaphthalenyl; 

v) [2.2.1]bicycloheptane; 



15 



WO 03/051877 PCT/US02/40328 

vi) naphthyl, 4-methoxyphenyl, 3-(Ci^-aIkoxycarbonyl)phenyl or 2- 
methoxy-4-mefhylphenyl; 

vii) benzo[2,3]dioxolyl; 

viii) pyrrolidinyl, optionally having from 1 to 2 substituents selected from 
the group consisting of Q-6-alkoxy, phenyloxy, benzyloxy and 
benzyl; 

ix) thiazolyl, or pyridyl; or 

x) d-6-alkyl, optionally having from 1 to 2 substituents selected from 
the group consisting of 

a) halogen up to perhalo, 

b) cyano, 

c) hydroxy, Ci-6-alkoxy, benzyloxy, hydroxy-C 2 -6-alkoxy, or 
methoxyphenoxy, 

d) C^-dialkylamino, di-(hydroxy-Ci_6-alkyl)-amino, 
pyridylamino, or anilino, 

e) C 6 -io-aryl selected from the group consisting of naphthyl and 
phenyl, said C 6 -io-aryl optionally having from 1 to 2 
substituents selected from the group consisting of fluoro, 
chloro, bromo, iodo, nitro, hydroxy, Ci-6-alkyl, Ci^-alkoxy, 
trifluoromethyl, trifluoromethoxy, phenyl, amino and Ci-6- 
dialkylamino, 

f) benzo[2,3]dioxolyl, or 2,3-dihydrobenzo[l,4]dioxinyl, 

g) heterocyclyl selected from the group consisting of pyrazolyl, 
pyrazinyl, pyrrolyl, furyl, indolyl, thienyl, imidazoyl, and 
pyridyl, said heterocyclyl optionally having from 1 to 2 
substituents selected from the group consisting of d-6-alkyl, 
hydroxy, Ci-6-alkoxy, benzyloxy and trifluoromethyl, 

h) morpholino, tetrahydrofuranyl, piperidinyl, pyrrolidinyl, 
optionally further substituted with 1 to 2 substituents Ci-6- 
alkyl or benzyl, and 



16 



WO 03/051877 PCT/US02/40328 

i) C3-g-cycloalkyl selected from the group consisting of 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, said C 3 . 
g-cycloalkyl optionally being further substituted with 1 to 2 
substituents hydroxy; 

5 

or 



X and Y together with the nitrogen atom to which they are attached form 

i) morphoiino, optionally further subsituted with 1 to 2 substituents Ci. 
10 6-alkyl; 

ii) piperidinyl, optionally having from 1 to 2 substituents selected from 
the group consisting of hydroxyl, hydroxymethyl and Q-6-alkyl; 

iii) pyrrolidinyl, optionally having from 1 to 2 substituents selected from 
the group consisting of C^-dialkylamino, pyridyl, carboxamido, Ci. 

• 15 6-alkoxy, phenylaminomethyl, methoxymethyl and methoxyphenyl; 

or 

iv) piperazinyl, optionally having from 1 to 2 substituents selected from 
the group consisting of cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cyclohexylmethyl, benzyl, morpholinoethyl, Ci^-alkyl, 

20 (Ci.6-alkoxy)-carbonyl, (Ci_ 6 -alkylaminocarbonyl)methyl, pyridyl, 



pyrazinyl, pyridylmethyl, benzo[2,3]dioxolyl and phenyl, wherein 
said phenyl is optionally substituted with 1 to 2 substituents selected 
from the group consisting of fluoro, chloro, bromo, iodo, 
trifluoromethyl, cyano and Ci. 6 -alkoxy; 

25 

or 

X and Y together with the nitrogen atom to which they are attached form 
dimethoxytetrahydroisoquinolinyl, 2-methyl-6- 
30 fluorotetrahydroquinolinyl, indolinyl, isoindolinyl or 

2-hydroxymethyltetrahydroisoquinolinyl; 
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or 



X denotes hydrogen and 

Y denotes 

a) phenylamino, having from 1 to 2 substituents selected from 
the group consisting of fluoro, chloro, bromo, iodo, 
trifluoromethyl and Ci-6-alkyl; 

b) piperidinyl, optionally further substituted with 1 to 2 C w - 

alkyl; 

c) triazolyl; 

d) pyrrolidine, optionally further substituted with 1 to 2 
methoxymethyl; 

e) morpholino; 

f) imidazoyl; 

g) C 3 . 8 -cycloalkyl selected from the group consisting of 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; 

h) Ci-6-dialkylamino; or 

i) azepanyl; 



and an isomer, a pharmaceutical^ acceptable salt, a hydrate or a hydrate of a 
pharmaceutically acceptable salt thereof. 

A further alternative embodiment of the present invention relates to the compounds of the 
Examples 4, 6, 67, 77, 90, 93, 158, 170, 171, 227, 234, 244, 284, 295, 313, 376, 392 and 
381. 

A further alternative embodiment of the present invention relates to a compound of the 
formula (T): 
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CH 3 0 



CH 3 0 




(0 



wherein R 3 to R 5 axe defined as described above. 

A further alternative embodiment of the present invention relates to a compound of the 
formula (I), wherein 



R 



denotes a radical of the formula selected from the group consisting of: 




and 





A further alternative embodiment of the present invention relates to a compound of the 
formula (I), wherein 

x and y independently from each other denote zero or 1 and 
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x+y 



is 1 or 2; 



R 1 and R 2 independently from each other denote hydrogen, C M -alkyl or CF 3 or 
R l and R 2 together form a Ci-4-alkylene bridge; 

R 3 and R 4 independently from each other denote Cu-alkyl; 



hydrogen, 

C M -alkyl optionally substituted with fiiryl which can be further 

substituted with 1 to 2 substituents methyl, or 

C3-g-cycloalkyl 

or 



X and Y together with the nitrogen atom to which they are attached, form 



piperazinyl optionally further substituted (i) with 1 to 2 substituents 
C 3 - 8 -cycloalkyl or (ii) with 1 to 2 substituents CWalkyl optionally 
further substituted with 1 substituent C 3 -8-cycloalkyl; 



and an isomer, a pharmaceutical^ acceptable salt, a hydrate or a hydrate of a 
pharmaceutically acceptable salt thereof. 

Compounds (I) wherein the radicals (R 1 0) x and (R 2 0) y are attached to the phenyl ring in the 
following positions, are preferred: 



denotes a monovalent radical of the formula 




wherein 



XandY 



independently from each other denote 
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Depending on the substitution pattern, the compounds of the formula (I) according to the 
invention can exist in stereoisomeric forms which are either like image and mirror image 
(enantiomers) or are not like image and mirror image (diastereomers). The invention 
relates both to the enantiomers or diastereomers and to their respective mixtures. The 
racemic forms, like the diastereomers, can be separated in a known manner into the 
stereoisomerically uniform components. 

Furthermore, certain compounds of the formula (I) can be present in tautomeric forms. 
This is known to the person skilled in the art, and such compounds are likewise included 
in the scope of the invention. 



DETAILED DESCRIPTION OF THE INVENTION 



Pharmaceutically acceptable salts according to the invention are non-toxic salts which in 
general are accessible by reaction of the compounds (I) with an inorganic or organic base 
or acid conventionally used for this purpose. Non-limiting examples of pharmaceutically 
acceptable salts of compounds (I) include the alkali metal salts, e.g. lithium, potassium and 
sodium salts, the alkaline earth metal salts such as the magnesium and calcium salts, the 
quaternary ammonium salts such as, for example, the triethyl ammonium salt, acetates, 
benzene sulphonates, benzoates, dicarbonates, disulphates, ditartrates, borates, bromides, 
carbonates, chlorides, citrates, dihydrochlorides, fumarates, gluconates, glutamates, hexyl 
resorcinates, hydrobromides, hydrochlorides, hydroxynaphthoates, iodides, isothionates, 
lactates, laurates, malates, maleates, mandelates, mesylates, methylbromides, 
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methylnitrates, methylsulphates, nitrates, oleates, oxalates, palmitates, pantothenates, 
phosphates, diphosphates, polygalacturonates, salicylates, stearates, sulphates, succinates, 
tartrates, tosylates, valerates, and other salts used for medicinal purposes. 

5 According to the invention, "hydrates" are forms of the compounds of the formula (I) 
above which, in the solid or liquid state, form a molecular compound (solvate) by 
hydration with water. Examples of hydrates are sesquihydrates, monohydrates, dihydrates 
and trihydrates. Equally suitable are the hydrates of salts of the compounds according to 
the invention. 

10 

In the context of the present invention, the substituents, if not stated otherwise, in general 
have the following meanings: 

Halogen represents fluorine, chlorine, bromine and iodine. Preference is given to chlorine 
15 and fluorine. 

C r C£-Alkyl per se as well as the prefixes "alky!" and "alk" in the terms "alkylcarbonyl", 
"alkoxy", and "alkoxycarbonyl" represents a straight-chain or branched alkyl radical 
preferrably having from 1 to 6 carbon atoms. Examples which may be mentioned are: 
20 methyl, ethyl, n-propyl, isopropyl, w-butyl, wo-butyl, tert-butyl, w-pentyl, n-hexyl, w-octyl 
and n-decyl. The corresponding alkyl groups having fewer carbon atoms, such as, for 
example, C1-C4- alkyl, are derived analogously from this definition. 

C^CR-Cvcloalkvl represents a mono- or bicyclic alkyl radical having 3 to 8 carbon atoms. 
25 Examples which may be mentioned are: cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl or cyclooctyl The corresponding cycloalkyl groups having fewer carbon 
atoms, such as, for example, C 3 -C6-cycloalkyl, are derived analogously from this 
definition. 
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Non-limiting examples of C ^C^alkoxvcarbonvl radicals include methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl and 
isobutoxycarbonyl. The corresponding alkoxycarbonyl groups having fewer carbon atoms, 
5 such as, for example, C 3 -C 6 -alkoxycarbonyl, are derived analogously from this definition. 

C r C*-Alkoxv represents a straight-chain or branched alkoxy radical having 1 to 6 carbon 
atoms. Examples which maybe mentioned are: methoxy, ethoxy, n-propoxy, wo-propoxy, 
«-butoxy, iw-butoxy, terf-butoxy, w-pentoxy and n-hexoxy. The corresponding alkoxy 
10 groups having fewer carbon atoms, such as, for example, Ci-C 4 -alkoxy, are derived 
analogously from this definition. 

C r C*-Dialkvlamino represents an alkylamino radical having two (independently selected) 
alkyl substituents, illustratively and preferably representing i^AT-dimethylainino, N,N- 
15 diethylamino, iV-ethyl-J\r-methylanGdno, AT-methyl-iV-n-propylamino, JV-isopropyl-iV'-n- 
propylamino, A^-t-butyl-A^methylamino, iV'-ethyl-iV'-n-pentylamino and iV-n-hexyl-iV- 
methylamino. 

Cfi-C ^-Arvl represents an aromatic radical preferably having 6 to 14, more preferably 6 to 
20 10 carbon atoms. Non-limiting examples of Cg-C ^-aryl radicals include phenyl, and 
naphthyl. 

Heteroarvl in the context of the invention represents a preferably 5- to 13-membered 
heteroaryl or a 5- to 13-membered aromatic heterocycle having from 1, up to 4, 
25 heteroatoms from the group consisting of N, O and S, which ring or ring system can be 
linked via a carbon atom or a nitrogen atom, if such an atom is present. Examples which 
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may be mentioned are: pyridyl, pyridyl N-oxide, pyrimidyl, pyridazinyl, pyrazinyl, tbienyl, 
furyl, pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl or isoxazolyl, indolicenyl, 
indolyl, benzo[b]tbienyl, benzo[b]furyl, benzotbiadiazolyl, indazolyl, quinolyl, 
isoquinolyl, naphthyridinyl, quinazolinyl. Preferred examples include pyrazolyl, pyrazinyl, 
5 pyrrolyl, imidazoyl, triazolyl, indolyl, pyridyl, pyridyl-N-oxide, pyrimidyl, pyridazinyl, 
furyl, imidazolyl and tbienyl. 

Heterocvcle in the context of the invention represents a preferably 3- to 13-membered 
saturated or partially unsaturated heterocycle having from 1, up to 4, heteroatoms from the 

1 0 group consisting of N, O and S, which ring or ring system can be linked via a carbon atom 
or a nitrogen atom, if such an atom is present. Examples which may be mentioned are: 
tetrahydropyranyl, aziridyl, azepanyl, tetrahydrofuryl, pyrrolidinyl, pyrrolinyl, piperidinyl, 
1,2-dihydropyridinyl, 1,4-dihydropyridinyl, piperazinyl, morpholinyl, thiomorpholinyl, 
azepinyl, and 1,4-diazepinyl. Preference is given to azepanyl, piperazinyl, piperidinyl, 

1 5 morpholinyl and pyrrolidinyl. 

C H -Alkvlene or f ^-alkvlene bridge represents a linear or branched, bivalent alkylene 
radical preferably having 1 to 4 carbon atoms, also known as alkandiyl. Non4imiting 
examples include methylene, ethylene, propylene, a-methylethylene, 6-methylethylene, a- 
20 ethylethylene, 6-ethylethylene, butylene, a-methylpropylene, 6-methylpropylene, and y- 
methylpropylene. 

CgSijcBad ged bicvcloalkvl r epresents a bicyclic alkyl radical having 5 to 10 carbon 
atoms also containing an alkylene bridge. Non-limiting examples include 
25 [2.2.1]bicycloheptane, [2.2.2]bicyclooctanetane, [2.1.1]bicyclohexane, 

[3.3.1]bicyclononane, and [3.3.2]bicyclodecane. 
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A ring system represents a mono-, bi- or tricyclic system of fused rings. These rings share 
two ring members. These ring members are preferably adjacent ([0]-bridge). Non limiting 
examples include naphthalene, benzo[2,3]dioxolyl, 2,3-dihydrobenzo[l,4]dioxinyl, and 
indole. 

5 

A * symbol next to a bond denotes the point of attachment in the molecule. 

The compounds according to the invention exhibit an unforeseeable, useful 
pharmacological and pharmacokinetic activity spectrum. They are therefore suitable for 
10 use as medicaments for the treatment and/or prophylaxis of disorders in humans and 
animals. 

The compounds of this invention may be formulated as a solution of lyophilized 
powders for parenteral administration. Powders may be reconstituted by addition of a 

15 suitable diluent or other pharmaceutically acceptable carrier prior to use. The liquid 
formulation is generally a buffered, isotonic, aqueous solution. Examples of suitable 
diluents are normal isotonic saline solution, standard 5% dextrose in water or in buffered 
sodium or ammonium acetate solution. Such formulation is especially suitable for 
parenteral administration, but may also be used for oral administration. It may be 

20 desirable to add excipients such as polyvinylpyrrolidone, gelatin, hydroxycellulose, acacia, 
polyethylene glycol, mannitol, sodium chloride, or sodium acetate. 

Alternatively, the compounds of the present invention may be encapsulated, 
tableted, or incorporated into an emulsion (oil-in-water or water-in-oil) syrup for oral 
administration. Pharmaceutically acceptable solids or liquid carriers, which are generally 
25 known in the pharmaceutical formulary arts, may be added to enhance or stabilize the 
composition, or to facilitate preparation of the composition. Solid carriers include starch 
(corn or potato), lactose, calcium sulfate dihydrate, terra alba, croscarmellose sodium, 
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magnesium stearate or stearic acid, talc, pectin, acacia, agar, gelatin, maltodextrins and 
microcrystalline cellulose, or colloidal silicon dioxide. Liquid carriers include syrup, 
peanut oil, olive oil, corn oil, sesame oil, saline, and water. The carrier may also include a 
sustained release material such as glyceryl monostearate or glyceryl distearate, alone or 
with a wax. The amount of solid carrier varies but, preferably, will be between about 10 
mg to about 1 g per dosage unit. 

The dosage ranges for administration of the heterocyclics disclosed in this 
invention are those to produce the desired affect. The dosage will generally vary with age, 
body weight, extent of the disease, and contraindications, if any. The dosage will also be 
determined by the existence of any adverse side effects that may accompany the 
compounds. It is always desirable, whenever possible, to keep adverse side effects to a 
minimum. One skilled in the art can easily determine the appropriate dosage, scheduling, 
and method of administration for the exact formulation of the composition being used in 
order to achieve the desired effective concentration in the individual patient. However, the 
dosage can vary from between about 1 mg/kg/day to about 500 mg/kg/day, and preferable 
from between about 1 mg/kg/day to about 50 mg/kg/day. 

One skilled in the art will recognize that modifications may be made in the present 
invention without deviating from the spirit or scope of the invention. The invention is 
illustrated further by the following experimental information and examples, which are not 
to be construed as limiting the invention in spirit or scope to the specific procedures or 
compositions described in them. 



The present invention also relates to a process for making the compounds. The compounds 
of the invention may be prepared by use of known chemical reactions and procedures. 
Nevertheless, the following general preparative methods are presented for synthesis of the 
2-substituted pyrrolo[2.1-a]isoquinoline compounds of the present invention, with more 
detailed particular examples being presented below in the experimental section describing 
the working examples. Variables are defined above in the general, description. 
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General Method A: 



VI 



General Method Al 

VIII 




(R 1 0)x N 



IV 



(R 1 0)x. 




The compounds © can be synthesized according to the reaction seonence shown > Method 
Al above Thus, the compound, (VTD) can be synthesized by reacting amino compounds 
(VI) with compounds (VII), wherein L is a leaving group, for example a halogen radrca. 
such as CI, or a radical of the formula -OC(0)R S , whcem K? is denned as optionally 
substituted C„-«lkyl or -CH,C(0)OR< Compounds (IV) are obtained by reactong 
compounds (VIE) with a dehydrating agent such as, e.g„ phosphorous pentox.de. 
Reacting compounds (TV) wuh caAoxybenzaldehydes <H) and (TO P™des 

compounds (V). Reacting the carboxy compounds (V) with the antine HNXY tanishes the 
amides (I). 
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General Method A2 
IX 




IV 



Alternatively, the transformation of compounds (IV) into compounds (V) in Method Al 
can be accomplished with the conditions shown in General Method A2. Thus, treatment 
of compounds (IV) with compounds (IX) provides compounds (V). 



General Method B: 




General Method Bl 

OHC^^. n (R 1 0)x N 
(F^O)y— | 



X X' 



R 3 CH 2 N0 2 
ill 




IV 



10 



15 



The compounds (IV) can also be directly converted to the compounds <Q according to the 
General Method Bl. Thus, treatment of compounds (IV) with compounds (X) and (ffl) 
gives compounds (I). 




General Method B2 

(R 1 ( 



R VV^ o (R1 °K 




no 2 K^- 
XI 



Y' 




IV 
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Alternatively, the transformation of compounds (TV) into compounds (1) can be 
accomplished with the conditions shown in General Method B2. Thus, treatment of 
compounds (IV) with compounds (XI) furnishes compounds (I). 

The compounds (VI) are commercially available or can be synthesized according to 
methods commonly known to those skilled in the art (H. Mayer et al., Heteroses 3L 
1035 (1990); E. Muller (ed.), "Methoden der Organischen Chemie" (Houben-Weyl), 4 
ed, Vol. 11/1 Stickstoff-Verbindungen II, Georg Thieme Verlag, Stuttgart 1957; Shepard 
et al. in J. Org. Chem. 17, 568 (1952) and in J. Am. Chem. Soc. 72, 4364 (1950)). 

The compounds (VH) are commercially available or can be synthesized according to 
methods commonly known those skilled in the art [e.g. via acylation of acetic acid with an 
alkyl chloroformate or dialkyl carbonate (March, Advanced Organic Chemistry, 3 rd ed., p. 
440-441, Wiley 1985) and converting the resulting monoester of malonic acid into e.g. the 
corresponding acid chloride or anhydride by methods commonly known to those skilled in 
the art (see e.g. March, Advanced Organic Chemistry, 3 rd ed., p. 355, 388, Wiley 1985)]. 

The reaction between the compounds (VI) and (VH) is preferably carried out in a solvent. 
Suitable solvents comprise the customary organic solvents which are inert under me reaction 
conditions. Non-limiting examples include ethers such as diethyl ether, dioxane, 
tetrahydrofuran, 1,2-dimethoxy ethane; hydrocarbons such as benzene, toluene, xylene, 
hexane, cyclohexane, mineral oil fractions; halogenated hydrocarbons such as 
dichloromethane, trichloromethane, carbon tetrachloride, dichloroethane, trichloroethylene, 
chlorobenzene; ketones such as acetone; esters such as ethyl acetate; nitriles such as 
acetonitrile; heteroaromatics such as pyridine; polar solvents such as dimethyl formamide 
and hexamethyl phosphoric acid tris-amide; and mixtures of the above-mentioned solvents. 
Dichloromethane is frequently used. 

The compounds (VH) are generally employed in an amount of from 1 to 4 mol per mol of 
compounds (VI); an equimolar amount or slight excess of compounds (VH) is preferred. 
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ThereactionbetweenftecompoundsCVlJ^CVlIJispretoablyc^edo^mfte^ 

of a base. Non-limiting examples include alxali metiti hydrides and aMi >*d *«*. 
such as, for ex«np.e, sodium hydride and potassium —ids; CM> -*» -* 
as, for example, M -*« oyclic amines such as, for example, 
toethylamino pyridine and -preferably - l.S^cydo^nndec-T-ene (DB^The 

equimolar amount or slight excess of thebase is preferred. 

The reacrion of me compounds (VI) and (VII) can genially be cam* out within a relatively 
^ temperetnre range. In general, me reaction is carried on. width, a range of tan -20 to 
200'C, preferably tan 0 to 70-C, and more preferably at room temperature. 

For to cyclfeation of me compounds (Vffl) to yieM componnds (TV), dehydrating agents 
such as, for example, ftft or POO, are generally employed in an amount of tan 1 to 
10 mol, preferably from 3 to 8 mol, per mol of compounds (VM). 

Tie cycUzauon reacrion of the compounds (Vffl) to yield the compounds (IV) is also 
preferably curried out in a solvent Non-limiting examples comprise ihe customary orgamc 
ao^which^me-nndertore^oneonditions.They^lyin^etosuchas 

diethyl ether, dioxane, tenahydretan, 1,2-dimetay. etirane; hydrocarbons such as 
ta— ^ toluene, xylene, hexane, cyclohexane, mineral oil fractions; halogenated 
hydrocareona such as dichloromethane, trichloromethane, carbon tefcachlonde, 
dichloroedrane, nichloroemylene, chlorobeozoae; esters such as emyl acetate, ketones such 
aa acetone; nitrilea auch as acetonitrile; heterearomatics such as pyridine; polar solvents such 
as dhnedryl fbtmamide and hexamethyl phosphoric add tria-anride; and nrixtores thereof 
Toluene is prefer, if to reacrion is carted out with PaOs, and acetonitrile is prefer^ rf 
to reaction is carried out with POa, (Benovsky, StiUe, Tetrahedron Ut 38, 8475-8478 
(1997)). 

The temperature for tire cyclization reaction of compounds (WO k preferably within a range 
„ftan60to200°Candmorepreferablywitbinarangeof tan 80 to 120°C. 
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Tfce above process steps are geneKdly earned out under ah^heric pressure. However, at* 
*. possible to earry to out under supembnospheric pressure or under reduced pressure 
(fa example, in a range of from 0.5 .0 5 bar). Tire reaction toe can gen*aUy be vaned 
within a relatively wide range. In genial, ma reaction is finish* after a period of fan 2 ,0 
24 hours, preferably from 6 to 12 hours. 

Tne compounds 05 « «— ** « "» * aCC ° ldto8 " 

.methods common* known .0 those skffled in me ar, (LT. Harrison and S. Haarison, 
Compendium of Organic Synfiaetic Methods, pp. 132-176, WUey-Iuterscience; E. Mute 
(ad), •• Memoden der Organischen Cbamie" (Houben-Weyl), Vol. VH/1 Sauerctoff- 
Verbindungenll, GaorgTbieme Verlag, Stuttgart 1954). 

The compounds (ID) are commercially available. 

The reaction of fire compounds (TV) with compounds (K) and (HI), or with compounds (X) 
m d OH), or wim compounds (DO, or wim compounds (XI), can be carried out as a one-po« 
synthesis, preferably in a solvent Suitable solvent comprise fire customary organic solvent 
which are inert under the reaction conditions. Non-limiting examples include dhers auch as 
diethyl ether, dioxane, tebdaydrofuran, U-dimemosy emane; hydrocarbons such aa 
benzene, toluene, xylene, hex m e, cyclohexane, mtoeral oil fractions; halogenated 
bydrocaAona such aa dichloromettane, btehlorometiaane, careon tetiuchlonde, 
dichloreetoane, bichloroemylene, chlorobenzene; alcohols snob aa mefbanol, emanol, n- 
prepanol, isoprepanol; estem arch as etiay. acetate; ketones such as acetone; nitriles such as 
acetonitrile; heteroaromafics such aa pyridine; polar solvents such as dimemyl fonnannde 
m d hexamethyl phosphoric acid tris-amide; and mixtures of me above-mention* solvents. 
Ethanol/isopropanol (preferably in an approximate volM>.-mti„ of 1:1) mixtures are 
preferred. 

The compounds (m) are generafiy employ* in an amount of fan 1 to 3 mol per mol of 
compounds CD; an eqmmolar amount or si* excess of compounds (ffl) is preferred. The 
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compounds (TV) are generally employed in an amount of from 0.1 to 1 mol, preferably from 
0 3 to 1 mol, per mol of compounds (H). The compounds <K) or (XI) are generally 
employed in an amount from 1 to 3 mol per mol of compounds (TV); an equimolar amount or 
slight excess of compounds (HI) is preferred. 

The reactions of the compounds (TV) with compounds (H) and (HI), or with compounds (X) 
and P), or with compounds (IX), or with compounds (XI), are preferably carried out in the 
presence of a base. Non-limiting examples include alkali metal hydrides and alkali metal 
alkoxides such as, for example, sodium hydride and potassium tert-butoxide; Chalky! 
amines such as, for example, triethyl amine; cyclic amines such as, for example, pyridine, 
dimethylamino pyridine, l 5 8-diazabicyclo[4.3.0]undec-7-ene PBU) and - preferably - 
piperidine. The base is generally employed in an amount of from 0,1 to 1 mol, preferably 
from 0,3 to 1 mol, per mol of compounds (H) or compounds (V), respectively. 

The reactions of the compounds (TV) with compounds (H) and (111), or with compounds (X) 
and (IE), or with compounds (IX), or with compounds (XI), are generally carried out within a 
relatively wide temperature range. In general, they are carried out in a range of from -20 to 
200°C, preferably from 0 to 100°C, and more preferably from 50 to 90°C. The steps of this 
reaction are generally carried out under atmospheric pressure. However, it is also possible to 
carry them out under superatmospheric pressure or under reduced pressure (for example, in a 
range of from 0.5 to 5 bar). The reaction time can generally be varied within a relatively wide 
range. In general, thereaction is finished after aperiod of from 2 to 24 hours, preferably from 
6 to 12 hours. 

The compounds HNXY are commercially available or can be synthesized according to 
methods commonly known those skilled in the E. Muller (Ed.), "Methoden der 
Organischen Chemie" [Methods of Organic Chemistry] (Houben-Weyl), Vol. 11/1 
Stickstoff-Verbindungen, Georg Thieme Verlag, Stuttgart 1957). 

The reaction between the compounds (V) and HNXY is preferably carried out in a solvent. 
Suitable solvents comprise the customary organic solvents which are inert under the reaction 
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conditions. Kon-lhrimng espies ***** — -* - " 

teuuhyftomran, — t "fl*"-*- "* " t 

h exane, cyclohexane, mineaa. oil facto* hdo^ W—>- -* - 
trichlorometiiane, carton ,euach.oride, Mo— IncUomemyUne, 

« -* - — * — -* - ** -** tt; I 

acetomuile; heteroses such a, pyridme; pdar advents such as dunett-y. fo— 
and hexamelhyl phosphoric acid tris-amide; and nurtures of tire above-maruoned soiventa. 
Dichloromelhane and tetrahydroftran are preferred. 

decompounds HNXY ^ gene* employed* an amoum of fiom 1 to 4 mm per mo! of 
compounds (V) ; ane q »imo te »oun t or S hgh,exce S sof compounds HNXY is preferred. 

me reaction between me compounds (V) and HNXY is prefer** earned out in me 

g March, Advanced Organic Chemistiy, + ed., pp. 419^2. Wiley .992). Non-lnmring 
examples include dicvdohexylcarhodnmide, l^hnemyl^propyl)- - 
emytcrtodimride hydrochloride, N.K'-carhony.dihmdazo.e, pivaloyl chloride, b,s(2oxo-3- 
oxazoUdmyDphospmme cmoride and benzotri^.-.-yloxytristpynolidino)- phosphomum 

Tne coopling reagent is generauy employed in an amount of from 1 » 4 mol per mo. of 
compounds (V); a* equimolar amount or aught excess of me reagent is preferred. 

Addition* a promoler may be add*, to me conpling reaction. Non-limiting examples 
include 1-hydroxybenzouto.e, N,N'-dimemy.aminopyridme, and 3-hydmxy-3H. ,2,3- 
triazo^-bl-pyridine. The promot* is generally employed in an amount from OA to 
mol per mol of compounds (V), preferably fiom 0.3 to . mol, per mol of compounds (V). 

Tie reaction of the compounds (V) and HNXY can generally be carried on. within a 
datively wide temperaune range In general, the reaction is earned out wimin a range of 
ftom -20 to 200°C, preferably fiom 0 to 70°C, and generally at room temperature. 
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Compounds (K) and (XI) are commercially available or can be synthesized according to 
methods commonly known to those skilled in the art (H. Feuer (ed.) "The Chemistry of the 
Nitro and Nitroso Groups" Interscience Publishers, New York, 1969, pp. 76-1 17). 

Compounds (X) are commercially available or can be synthesized by coupling compounds 
HNXY with compounds (H) in the same manner as described above for the coupling of 
compounds (V) with compounds HNXY. 

Compounds (I) wherein R 3 is hydrogen can be synthesized by General Method A or B 
using compounds (IH) or (V) respectively wherein R 3 is hydrogen. 

Optionally, the compounds obtained through General Method A or B can be converted into 
an isomer, a pharmaceutical^ acceptable salt, a hydrate or a hydrate of a pharmaceutically 
acceptable salt thereof 

The compounds of the present invention are inhibitors of phosphodiesterase 10a (PDE 10a). 
As outlined above, the inhibition of PDE 10a is a promising approach for the treatment of 
cancer. The biological tests described below show that the compounds CO exhibit a 
pronounced anti-proliferation activity against tumor cells; they are therefore useful for the 
treatment of cancer. Furthermore, our investigations showed that they are also useful for 
treatment of conditions of pain and/or for the lowering of the temperature of me body in 
fever conditions. 

The compounds according to the invention can be used as active ingredients for the 
production of medicaments against carcinomatous disorders. For this, they can be 
converted into the customary formulations such as tablets, coated tablets, aerosols, pills, 
granules, syrups, emulsions, suspensions and solutions using inert, non-toxic, 
pharmaceutically suitable excipients or solvents: Preferably, the compounds according to 
the invention are used in an amount such that their concentration is approximately 0.5 to 
approximately 90% by weight, based on the ready-to-use formulations, the concentration 
being dependent, inter aha, on the indication of the medicament. 
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^ fonnuladons can* pruduc* - * — *« *° «*" 

additionally be added. 

^ can be earned out in a customary — preferamy omlly, tranaton* or 
"y, for e^e ,M — — -* * ■* 

rectally or inhalationally. 

„ . .in the ease of oral administradon.it is recommended to administer doses of 
Forhnmanuae.mtheeaseofora. ^ ^ 

ftan 0.001 to 50mg*g, preferably ft™ 1 0 01 " ^ 
on sucb as, for exampie, mtoavenously « via mucous — -** 

If appropriate, i, tnay oe necessary to depart ton, dre amounts — 

llHe n— the nuaorer of its —on and me dme or ****** 

b e * me case of dte — — of — , — d tna, be 

B. compounds according to the invention «e also suitable for use in veterinary 
lnecoiupumi f « p can be administered in 

tou.*«^«^*'^^«^ mm '*'°* aiaaonftekind 
a ^le formrdanon in accordance wift general veterinary pracu~ Dependrng on the *md 

dosage. 

Tb e present invendon provides compounds for me use in a medical appUcadon, in 
particular for combating cancer. 
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by combining at least one of to compoonds of me — w* at .east 
phamaoologicallyacoeptablefcnnulatfagageni 

Tfce invention farther provides a pharmacies. composition enmpnang - - 
test one pharmacological acceptable fonnriating agent 

„. invention former provides a pharmaceutical composition comprising as an active 
ZZ an effective amount of a, .east one of fne compounds of tire hrvention and* 
Z- ph— a. active ingredient which is different from me compounds of me 

invention. 

aoonnt of a compound according to the rnvennon together wrfh an me p 



carrier. 



Ue invention ft*, provides a memod of combating ennce, in manunais compnamg 

„»e compound according h> the invention either aione or in admhrtnre wrm a driuen. or 
the form of a medicament. 

• • , „, :„ the fnllowine tests and in the Examples are - 
The oercentages in the description above, in the tollowmg tesx 
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A. Examples 



Ahhrftviations mr 1 ; " specification 



BSA 

™Cremophor® 

DBU 

DMEM 

DMF 

DMSO 

EDCI 



EDTA 
FBS 
HEPES 
HPLC 
LC-MS 

LCRT 

LDH 

MP 

NMR 

PBS 

PyBOP 

TLC 

Tris/hydrochloric acid 
TMTritonX-100® 



bovine serum albumin 

non-ionic emulsifier from BASF, Germany 

l,8-diazabicyclo[5.4.0]undec-7-ene 

Dulbecco's Modified Eagle Medium, Life Technologies, 

Gaithersburg, MD, U.S A. 

N,N-dimethyl formamide 

dimethyl sulphoxide 

l<3-Dimemylammopropyl>3-emylcarbodiimide 
hydrochloride 

ethylene diamine tetraacetate 
fetal bovine serum 

N-(2-hydxoxyethyl)-piperazine-N'-(2-ethane sulphonic acid) 
high pressure liquid chromatography 
liquid chromatography- coupled mass spectroscopy 
liquid chromatography retention time 
lactate dehydrogenase 
melting point 

nuclear resonance spectroscopy 
phosphate-buffered saline 

Bromotripyrrolidinophosphonium hexafluorophosphate 

thin layer chromatography 
tris(hydroxymethyl)-aminomethane hydrochloride 



tert.-octyl-phenoxypolyethoxyethanol, Rohm& Haas, USA 



37 



WO 03/051877 



PCT/US02/40328 

The 1W p^tages of te « — ^ * the s^g con-pcneat which 
was used in the lowest molar amount 



T r-MS/HPi n methods: 



Method A : 
MS equipment: 



Finnigan LCQ Ion Trap Mass Spectrometer 
ionisationmode: ESI 



HPLC equipment: HP 1 100 

UV detection: 



Column: 



Supplier: 
Gradient: 



254 nm 



YMCproC-18 

23 mm x 2 mm 120 A 

YMC 

Time A:% B: % Flow 
[min] [mUmm.) 
0.50 90.0 10.0 1.0 
3.50 5.0 95.0 1.0 

4.00 5.0 95.0 1.0 

4.01 90.0 10.0 1.0 
6.50 90.0 10.0 1.0 
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A: 0.02 % strength solution of trifluoroaoetic acid in 2 % 
acetonitrile/ 98% water 

B: 0.018 % strength solution of trifluoroacetic acid in 98 % 
acetonitrile/2% water 



Method B : 

MS equipment: Micromass LCZ 

ionisationmode: ESI 

HPLC equipment: Gilson 215 

UV detection: 254 nm 

Column: YMCproC-18 

23 mm x 2 mm 120 A 

Supplier: YM° 

Gradient: Time A: % B:% Flow 

[min.] [mL/min.] 

0.50 90.0 10.0 1.0 

3.50 5.0 95.0 1.0 

4.00 5.0 95.0 1.0 

4.01 90.0 10.0 1.0 
4.80 90.0 10.0 1.0 
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A: 0.02 % strength solution of trifluoroacetic acid in 2 % 
acetonitrile/ 98% water 

B: 0.02 % strength solution of trifluoroacetic acid in 98 % 
acetonitrile/ 2% water 



Method C: 
Column: 



Gradient: 



KromasilRP-18 

60 mm x 2.0 mm 3.5 \m 

Time A:% B:% Flow 

[min.] [mL/min.] 

0.00 98.0 2.0 0.75 

4.50 10.0 90.0 0.75 

6.50 10.0 90.0 0.75 

A: 0.5% strength aqueous HC10 4 



B: acetonitrile 
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Method Dl 

MS equipment: Micromass Platform LCZ 



temperature: 
Column: 



Supplier: 
Gradient: 



ionisation mode: ESI positive / negative 



HPLC equipment: HP 1 1 00 



UV detection: 



208-400 nm 



40 °C 

Symmetry C 18 

50 mm x 2.1 mm 3.5 um 

Waters 

Time A:% B:% Flow 
[min.] [mL/min.] 

0.00 90.0 10.0 0.50 

4.00 10.0 90.0 0.50 

6.00 10.0 90.0 0.50 

A: 0.05% strength solution of formic acid in water 
B: 0.05% strength formic acid in acetonitrile 



) 



Method E: 
MS equipment: 



FinniganMAT900S 

ionization mode: ESI - positive 



HPLC equipment: Thermo Separation Products 
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P4000,AS3000,UV3000HR 
UV detection: 210 nm 



temperature: 



70 °C 



Column: 



TMSymmetryC 18 
50mmx2.1mm 3.5 urn 



Supplier: 
Gradient: 



Waters 

Time A:% B:% C:% Flow 
[min.] [mL/min.] 

0.00 2.0 49.0 49.0 0.9 

2.50 95.0 2.5 2.5 1.2 

5.00 95.0 2.5 2.5 1.2 

5.50 2.0 49.0 49.0 1.2 

6.50 2.0 49.0 49.0 1.2 

7.00 2.0 49.0 49.0 0.9 

A: acetonitrile 

B: 0.01% HC1 in water 

C: water 



Method F: 

MS equipment: Micromass Quattro LCZ 

ionisation mode: ESI positive / negative 
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UV detection: 



PCT/US02/40328 



Column: 



Supplier: 
Gradient: 



temperature: 



208-400 nm 



40 °C 



TMSymmetry C 18 

50 mm x 2.1 mm 3.5 ^m 

Waters 

Time A:% B:% Flow 
[min.] [mL/min.] 
0.00 90.0 10.0 0.50 
4.00 10.0 90.0 0.50 
6.00 10.0 90.0 0.50 

A: 0.05% strength solution of formic acid in water 
B: 0.05% strength formic acid in acetonitrile 



Method G: 



HPLC Equipment: 



Column: 



Supplier: 



Gilson215 

UV Detection: 220 and 254 nM 
Temperature: 25 °C 

™YMC-PackProC18 
50 mm x 4.6 mm 5pM 



Waters 
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Gradient: Time A:% B:% Flow 

[min.1 tmUtnin] 
0.00 10.0 90.0 4.00 
3.50 90.0 10.0 4.00 
4.50 90.0 10.0 4.00 
4.60 10.0 90.0 4.00 
5.00 10.0 90.0 4.00 
A: 0.1% strength solution of TFA in acetonitrile 
B: 0.1% strength aqueous TFA 

Materials 

iV^-AminoethyO-W-pyridinylJainine 

H 



15 



20 




n n a 6 3 mmol) and ethylenediamine (2.0 mL, 29.8 
A solution of 2-bromopyndrne (1.0 g, 6.3 mmo ) ^ 

^ was heated to 120 * for 18 , The _ 
dic hlorome*ane and washed win, water and 1. Th or^c 1 V 
sodium sulfate and concentrated in vacuo to grve an on (775 mg, 90/o). 
Wz = 138.1 CM + 1); LCMS RT (method A): 0.75 mm. 



44 



WO 03/051877 



PCT/US02/40328 



10 



(6-Methoxy.3.pyridiByl)metha Iiam ine dihydrochloride 



O 2HCI 




*"* 2 ^ ° f riWfflO- ■* " "8.9 (M ♦ 1); tCMS RT (mefcod A): 



purification. 



15 



20 



7 riBTyrarolrl^eagiSBBBS 

— NH 2 



N 



, • f 1 w . (22 0 «mol) lff-pyrazole in 50 mL of aeetonniue was added 3.35 
To a solution of 1.50 g (22.0 imnol) PF rf 

mi mmoB of powdered sodium hydroxide and 299 mg (l> 
g (83.1 nunol) 0 P ^ tor 30 and 3.01 g (26.4 mmol) 

.etrabotylannnonnamaul&te. The reaetron ^ tor 

, d , „ which time TLC an^rs 0. *«M^ ^ ^ ^ ^ 

^ T 4 7t:^e w "0 "C and 15 mL of ,0 % ^ 
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Wphasioso.utowa.heattd^fonnodyonephase. The resulting solution was cooled to 
0 X and slowly triturated with ether to form 4.21 g (21.9 mmol, 99 %) of 2-OH-pyrazol- 
1-vDedrylanrhre as a white solid: 'H-NMR (DMSO-A) 8 3.24 (sextet, / - 6.0, 2H>, 4.40 
(, / - 5.9, 2H), 6.00 (br a, 3H), 6.28 ft, /- 2.1, 1H), 7.50 (d, /- 1.7. 1H), 7.77 (d, 2.3, 
H) 7.92 (br a, 2H); MS (HPLC/ES) ro/z - 1.2, (M + 1); LCMS RT(method B): 0.79 



mm. 



3-(lH-Pyrazol-l-yl)-propylamine 

H 2 N S 



This compound was prepared in me manner shown for 2<lH-pyrazol-l-yl)*ylamine 

f 5 7g (7.28 mmol, 99 %) of 2-(lH-pyrazol-l-yl)propylamine aa a white solid: 'H-NMR 
(DMSO*) 5 2.02 (m, 2H), 2.73 (m, 2H), 4,9 ft /- 6.4, 2H), 6.23 ft J - 2.2, 1H), 744 
(dd, / - 0.7, 1.9, 1H), 7.72 (m, 4H); MS (HPLC/ES) m/z - 126.1 (M + 1); LCMS RT 
(method B): 0.80 min. 



-2-{[tert-ButyHdime&yl)-sUyl]-oxy}cydohexylaiiiine 

4: 
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To a suspension of cis-2-aminocyclohexanol (1.00 g, 8.68 mmol) in dichloromethane (6 
mL) at 0 °C was added 2,6-lutidine (1.86 g, 17.36 mmol) and t-butyldimethylsUyltriflate 
(3.44 g, 13.0 mmol) dropwise. The mixture was stirred overnight and concentrated in 
vacuo. The residue was diluted with ether, washed with water, and dried over magnesium 
5 sulfate. The solvent was removed in vacuo to give 2.0 g (100%) of a white solid. 



10 



Resolution of l-(4-fluorophenyl)ethylamine. (lR).l.(4-fluorophenyl)-etliylainme and 
(lSHK4-fluorophenyl)-ethylainine 

Racemic l<4-fluorophenyl)-emylamine (commercially available) was resolved by (+)- 
• tartaric acid following the procedures of A. Ault (Org. Synth., 1973, Coll. Vol. 5, 932) 
and S. Takenaka et al. (J.C.S. PerHn U, 1978, 95). 



15 



3-[4-(Cyclohexylmethyl)-piperazine-l-carbonyl]-benzaldehyde 

0> 




To a solution of 3-carboxybenzaldehyde (500 mg, 3.33 mmol) in tetrahydroforan (10 mL) 
was added PyBOP(2.25 g, 4.33 mmol) and N,N-dhsopropyle%lamine (750 uL, 4.33 
nunol). The reaction mixture was stirred for 20 min, after which 1- 
cyclohexylmethylpiperizine (789 mg, 4.33 mmol) was added. The reaction mixture was 
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stirred for 18b. at which time TLC analysis (silica gel 60, 50:50 ethyl acetate/hexa*es, UV 
detection) suggested almost complete conversion to the amide. The reaction was 
concentrated in vacuo, and the resulting crude product was purified by using the Biotage 
Quad4 (25 M column) eluting with 35:65 ethyl acetate/hexanes. The desired fractions 
were collected and concentrated in vacuo to afford the title compound as a yellow oil 
which turned pink upon standing (563 mg, 1.79 mmol, 54%): 1 H-NMR (CDCI3) 8 10.02 
(s 1H), 7.91 (m, 2H), 7.66 (m, 1H), 7.26 (m, 1H), 3.81 (b, ,, 2H), 3.42 (br. s., 2H), 2.50 
(br. s., 2H), 2.36 (br. s., 2H), 2.17 (d, /= 6.8 Hz, 2H), 1.73 (m, 6H), 1.51 (m, 1H), 1.21 
(m,2H), 0.86 m,2H). 

3-Formyl-N-cyclopropyl-benzamide 




To a solution of 3-carboxybenzaldehyde (500 mg, 3.33 mmol) in tetrahydrofuran (5 mL) 
was added PyBOP (2.25 g, 4.33 mmol) and N,N-diisopropylemylamine (750 uL, 4.33 
mmol). The reaction mixture was stirred for 20 min, after which cyclopropylamine (300 
uL, 4.33 mmol) was added. The reaction mixture was stirred for 18h, at which time TLC 
analysis (silica gel 60, 50:50 ethyl acetate/hexanes, UV detection) suggested complete 
consumption of the starting material. The reaction mixture was concentrated in vacuo and 
purified via column chromatography eluting with 2:1 - 3:1 ethyl ac*tate/hexanes, which 
afforded the title compound as a white solid (534 mg, 2.82 mmol, 85%): 1 H-NMR 
(DMSO d 6 ) 8 10.03 (s, 1H), 8.65 (m, 1H),8.31 (m, 1H), 8.10 (m, 1H), 8.02 (m, 1H), 7.66 
(t, /= 7.6 Hz, 1H), 2.87 (m, 1H), 0.71 (m, 2H), 0.59 (m, 2H); HPLC RT (Method G): 
1.20 min. 
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10 



15 



3-formyl-N-(2,4-difluorobenzyl)-beBzamide 

0. 




To a solution of 3-caxhoxybeuzaldehyde (500 mg, 3.33 mmol) in teteahydrofiuaa (10 mL) 
was added PyBOP (2.25 g, 4.33 mmol) and N,N-dfiso pro pylemvlamine (750 uL, «S 
„, Toe reaction mixture was stined for 20 min, after whteh 2,4-difluorobenzyiamrne 
(510 uL 4 33 mmol) was added. The reaotoirr mixture was stirred for 1th. at which time 
TLC analysis (sffica gel 60, 50:50 edryl acetateftexsrres, UV deteotion) suggest* 
complete consumption of the starting material. The reaction mixture was concentrated . 
v^o and purified * prep HPl^ elating wim 40-90% acetonitrile/water over 3.5 mrnutes 
to afford 733 mg (2.66 mmol, 80%) of RDB 121-1 as a whi te solid: 'H-NMR (DMSO, d ) 
5 !0.05 (s, 1H), 9.25 ft / - 5.7 Hz, 1H), 8.39 (m, 1H), 8.17 (m, 1H), 8.06 (dt, / - 7.6, 1.3 
Hz, 1H), 7.70 ft/- 7.6 Hz, 1H), 7.43 (m, 1H), 7.23 (m, 1H), 7.05 (m, 1H), 4.49 (d, J- 
5.5HZ.2H). 



Intermediates 



1.1. Ethyl l-iN-P-CS^dimethoxyphenyl^ethyll-carbamoyl} acetate 



H 




o o 
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A solution of 50.0 g (275.9 mmol) of 3,4-dimemo XyP hene%larnine in 500 mL of 
dicUoromethane was treated with 42.0 g (275.9 mmol) of l.S-diazabicyclotSAOlundec-^ 
ene followed by dropwise addition of 35.0 mL (41.6 g, 276.4 mmol) of ethyl malonyl 
chloride at a rate that kept the internal temperature below 30 -C. Tire resultant clear 
yellow solution was stirred at room temperature under an argon atmosphere for 16 h, at 
which time TLC analysis (silica gel 60, 5:95 methanoydichloromethane, UV detection) 
suggested complete reaction. The organic were washed with brine (3 X 1 000 mL), dried 
over sodium sulfate and concentrated in vacuo. The residue was dried under high vacuum 
at30°Cfor24htoprovide80.6g(272.8mmol,99o/o)ofayellowoil: 'H-NMR(DMSO- 
d 6 )- 5 = 116 1.18 (t, mixture of rotamers; J= 7.0, 3H), 2.63 (t/= 7.7, 2H), 3.18 (s,2H,), 
3.25 (m, 2H), 3.70 (s, 3H), 3.73 (s, 3H), 4.05 (q, J- 7.0, 2H), 6.69 (dd, J= 2.2, 8.4, IH), 
6.79(d,/=2.2,lH), 6.83 (d,/=8.4,lH), 8.1 (brUH,/=5.4); MS (HPLC/ES): m/z = 
296 (M + 1); TLC (10:90 methanoVdichloromethane, UV detection): R/- 0.70. 

1.2. Ethyl ^-dimetlioxy-S^^ 




20 



25 



To a refluxing solution of methanesulfonic anhydride (648.83 g, 3.72 mol) in toluene (4 
L) was added Intermediate 1.1, ethyl 2-{N-[2<3,4-dimemoxyphenyl)ethyl]-carbamoyl}- 
acetate (1000 g, 3.39 mol) portionwise over 20 minutes. The reaction was stirred at reflux 
for 30 minutes at which point the heat was removed and the toluene was decanted. The 
resulting dark oil was then dissolved in water (3000 mL) and treated portionwise with 
solid potassium carbonate until a P H of about 8 was achieved. The organic material was 
extracted from the dark biphasic mixture using ethyl acetate (3000 mL). The combmed 
organic extracts were washed with brine (3 x 2000 mL) and concentrated to 1/3 volume. 
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The resultant dark oil was placed on a pad of silica gel 60 (400 cc) and eluted using ethyl 
acetate/hexane (1:1). The desired fractions were concentrated to a yellow oil winch was 
seeded with a small amount of crystals of the title compound and placed in a refrigerator 
overnight. The yellow crystalline solid which formed was filtered, washed with ethyl 
acetate/ hexane (1:1) (2 x 50 ml), and vacuum dried for 12 hours to give 533.26 g of the 
desired product . Tne filtrate was concentrated to a dark oil and seeded a second tune. 
After 1 hour, the newly formed yellow solid was filtered, washed with ethyl acetate/ 
hexane (1:1) (2 x 50 ml), and vacuum dried for 12 hours to provide 106.23 g of a second 
crop . Tne two batches of crystals were combined to provide the title compound (639.49 

g 68 %). 1 H-NMR (DMSO-*): 5 1.18 (t, J = 7.0 Hz, 3H); 2.76 (t, J = 6.5 Hz, 2); 3.36 

(m, 2H); 3.78 (s, 6H); 4.02 (q, J - 7.0 Hz, 2H); 5.05 (s, 1H); 6.87 (s, 1H); 7.15 (s, 1H); 

8.95 (bs, 1H). MS (HPLC/ES; method A): m/z = 278 (M + 1)- TLC [ethyl 

acetate/hexane(l:l)]: fy=0.63 

Instead of methanesulfonic anhydride also phosphorous pentoxide can be used according 
to this method. 

1.3. Ethyl 2K3-carbo X yphenyl)-8,9-d^^ 
a]isoquinoline-l-carboxylate 




5 18 mL (72.1 mmol) of nitroethane, 8.56 mL (86.5 mmol) of piperidme, and 10.8 g (72.1 
mmol) of 3-carboxy-benzaldehyde were added to a solution of 10 g (36.06 mmol) of ethyl 
2K6,7-dimemoxy-2,3,4-^ (Intermediate 1.2.) in 300 mL of 

isopropanol/ethanol(l:lv/v). The solution was heated at reflux for 16 h. Subsequently, 
me mixture was cooled to room temperature, and the volatiles were removed in vacuo. 
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The resultant solid was suspended in 150 mL of 1 N hydrochloric acid, and to aqueous 
mixture was exacted with trichloromethane (3 X 75 mL). The combined extracts were 
dried over sodium sulfate, filtered, and concentrated in vacuo to afford the cntde product 
as an orange solid, which was purified b, trihuafion with efirer (14 g, 89 %): H-NMR 
(PMSCH* 8 = 0.81 ft /= 6.9, 3H), 2.13 (s, 3H), 2.95 ft /- 6.5, 2H), 3.72 (s, 3H) 3.78 
(s, 3H), 3.90-3.96 (m, 4H), 6.93 (s, IH), 7.40-7.49 (m, 2H), 7.72 (d, 7= 1.3, 2H), 7.81 (m, 
1H); MS (JHPLC/ES): m/z = 436 (M + 1). 

2.1. Hl«e*.xycarbony0-8,9«1^ 
quinolin-2-yl]-2-hydroxybenzoic add 




A suspension of ethyl a^-dtaemox^^trihydro-iao^lyfi^-ac^ (11.67 g, 
42 08 mmol, Intermediate 1.2.) and 5-fo.mylsahcylic acid (14.0 g, 84.27 mmol) in dry 
e&anol (175 mL) and 2-propanol (175 mL) was treated with nitroefirane (6.37 g, 84.85 
nunol) and piperidine (8.62 g, 101.23 mmol). The contents were heated at reflux under 
argon for 12 h, at which time TLC analysis (silica gel 60, 10% methanol/dichloromemane, 
UV detection) suggested complete reaction. The contents were concentrated in vacuo and 
the dark residue was dissolved in dichlorotnethane (500 mL). The organics were washed 
with 10N aqueous hydrochloric acid (150 mL) in brine (200 mL) and the layers were 
separated. Concentration of the organic phase to -150 mL effeoted precipitation of a 
yellow solid. The crude material was filtered, dissolved in hot 10% mefhanol/ethyl acetate 
(300 mL), and allowed to cool to room temperature. The contents were further cooled to 3 
»C for 2 h, and the resultant precipitate was filtered and dried under high vacuum at 40 -C 
for 3 5 d to afford the product (10.68 g, 23.66 mmol, 56%) as a pale-yellow solid: H- 
NMR (DMSO-ds): 8 0.89 ft J- 7.2, 3H), 2.11 (s, 3H), 2.94 (br t, J- 6.0, 2H), 3.72 (s, 
3H), 3.78 (s, 3H), 3.93 (m, 2H), 3.95 (q, .7= 7.2, 2H), 6.94 (a, IH), 6.95 (d, /= 8.6, IH), 
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7.33 (dd, J= 2.0, 8.6, 1H), 7.58 (d, J= 2.0, 1H), 7.68 (s, 1H), absorptions for the phenol 
and carboxylic acid moieties were not observed; EA: calcd for C^H^: C, 66.51; H, 
5.58; N, 3.10. Found: C, 66.25; H, 5.70; N, 3.10; MS (HPLC/ES): m/z = 452 (M + 1); 
TLC (silica gel 60, 15% methanol/dichloromethane, UV detection): one spot, Rf= 0.56. 



3.1. 3-Bromo-2-fluorobenzaldehyde 




LTMP (lithium tetramethylpiperidine) was prepared by adding butyllithium (37.14 mmol, 
14 86 mL) slowly to a solution of 2 A 6,6-tetramethylpiperidine (42.86 mmol, 7.23 mL) in 
tetrahydrofuran (15 mL) at 0 »C. The mixture was stirred at 0 °C for 1 h. This solution 
was added slowly to a solution of 1,2-bromofluorobenzene (5.0 g, 28.57 mmol, 3.12 mL) 
in tetrahydrofuran (90 mL) at - 75 °C. The mixture was allowed to stir at this temperature 
for 2 h, then iV,iNr-dimethylformamide (142.86 mmol, 11.05 mL) was added dropwise. 
After l h, the reaction was quenched with water and was concentrated in vacuo. The 
residue was partitioned between ether and water. The aqueous layer was extracted with 
ether twice and the combined organic layers were washed with brine, dried over anhydrous 
magnesium sulfate and concentrated in vacuo. The crude residue was dissolved in 
dichloromethane and passed through a pad of silica eluting with 100:0 to 95:5 
hexanes/ethyl acetate to obtain a colorless oil (4.32 g, 70.8 %): X H-NMR (DMSO-<4): 8 = 
7.34 (m, 1H), 7.82 (m, 1H), 8.03 (m, 1H), 10.15 (s, 1H); TLC (10:90 ethyl 
acetate/hexanes): R/= 0.70. 
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32 Ethyl 2-(3-bromo-2-fluorophenyl)-8^-dimethoxy-3-methyl-5,6- 

dihydropyrrolo[2,l-a]isoquinoline-l-carboxylate 




To a mixture of 3-bromo-2-fLuorobenzaldeli y de (4.2 g, 20.7 mmol, Mermediate 3.1.) was 
added ethyl 2<6,7-dim e thoxy-23,4-trmydro^soqumol y lide n e)-acetate (5.76 g, 20.7 mmol, 
Intermediate 1.2.), nitroethane (41.5 mmol, 2.98 mL) and piperidine (49.8 mmol, 4.93 mL) 
in 1:1 ratio of isopropanol/ethanol (100 mL) and was heated to 80 °C overnight. The 
reaction was concentrated in vacuo to a minimum volume and treated with methanol (40 
mL) until precipitation occurred. The resulting residue was filtered, washed with methanol 
and concentrated in vacuo to give the title compound as a pale pink solid (5.03 g, 49.2 %): 
^H-NMR (CD 2 C1 2 ): 8 = 0.94 (t, 5.4, 3H), 2.15 (s, 3H), 3.02 (t, J= 5.0, 2H), 3.89 (s, 
6H), 3.98 (t, /= 5.0, 2H), 4.03 (m, 2H), 6.77 (s, 1H), 7.05 (m, 1H), 7.18 (m, 1H), 7.43 (m, 
1H), 8.03 (s, 1H). 

3.3. 3 -[l-(Ethoxycarbonyl)-8,9-dimeto^ 
a]isoquinolin-2-yl]-2-fluorobenzoicacid 




A solution of ethyl 2<3-bromo-2-fluorophenyl)-8,9-dimethoxy-3-methyl-5,6- 
dmydropyrrolo[2,l-a]isoquinoUne-l-carbox y late (3.00 g, 6.14 mmol, Intermediate 3.2.) in 
tetrahydrofuran (60 mL) was cooled to - 78 °C and degassed for 5 min. BuLi (9.23 mmol, 
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3.69 mL) was added dropwise. The mixture was stirred at - 78 °C for 1 h and C0 2 was 
bubbled into the solution over a period of 2 h. The reaction was quenched with methanol 
and concentrated in vacuo. The crude residue was purified with 40 M Biotage by eluting 
with 10:90 methanol/ethyl acetate to obtain desired product as a yellow solid (2.00 g, 71.8 
%): 'H-NMR (CD 2 C1 2 ): 5 = 0.92 (t, /= 7.0, 3H), 2.14 (s, 3H), 3.03 (t, J = 6.6, 2H), 3.88 
(s, 6H), 3.99 (m, 2H), 4.09 (m, 2H), 6.77 (s, 1H), 7.27 (t, J= 7.6, 1H), 7.49 (t, 1H), 7.95 
(m, 1H), 8.03 (s, 1H). 

4.1. 2-Fluoro-S-formyl-benzoic acid 




A mixture of 2-fluoro-5-formylben Z onitrile (30.0 g, 201.2 mmol) and concentrated 
hydrochloric acid (500.0 mL) was heated at reflux under argon for 16 h. Upon cooling to 
room temperature, a white precipitate was formed. Tne solid was separated and washed 
with water (2 X 1500 mL) and dissolved in ethyl acetate (2000 mL). The solution was 
washed with brine, dried over magnesium sulfate and concentrated in vacuo to afford 25.8 
g of the title compound as a white solid (153.6 mmol, 76.3 %): X H-NMR (DMSO-rf*): 5 = 
7.54 (dd, /= 8.5, 10.6, 1H), 8.15 (m, 1H), 8.41 (dd, J= 2.4, 7.2, 1H), 1O.01 (s, 1H), 13.63 
(brs, 1H);EA: calcd for C 8 H 5 F0 3 : C, 57.15; H, 3.00; F, 11.30. Found: C, 57.00; H, 
2.76; F, 11.36. 



4.2. s-ll-CEthoxycarbonyft-S^-dimethoxy-S-methyl-S^-dmydropyrrololl,!- 
a]isoquinolin-2-yl]-2-fluorobenzoicacid 
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A mixture of 2-fluoro-5-formylbenzoic acid (15.0 g, 89.2 mrnol, Intermediate 4.1.), ethyl 
2<6,7-dimethoxy-2,3,4-trmydro4soquinolylidene)-acetate (12.4 g, 44.6 mrnol, 
Intermediate 1.2.), nitroethane (6.70 g, 89.2 mrnol), and piperidine (7.60 g, 89.2 mrnol) in 
a 1:1 mixture of ethanol/isopropanol (500mL) was heated at reflux for 5 h at which time 
TLC analysis (silica gel 60, 10:90 methanol/dichloromethane, UV detection) suggested 
complete reaction. The mixture was cooled to 0 °C and washed with concentrated 
hydrochloric acid (300 mL). The mixture was diluted with water and extracted with 
dichloromethane (3 X 300 mL). The organic layers were combined, washed with brine, 
dried over sodium sulfate and concentrated in vacuo. The residue was passed through a 
pad of silica gel eluting with 2:98 methanol/dichloromethane. Further purification by 
realization from ethyl acetate/hexanes provided 8.25 g of the title compound as a 
light yellow solid (18.2 mrnol, 40.2 %): 'H-NMR (DUSO-d 6 ): 5 = 0.86 (t, J= 5.4, 3H), 
2.12 (s, 3H), 2.95 (t, J= 4.5, 2H), 3.72 (s, 3H), 3.78 (s, 3H), 3.96 (m, 4H), 6.93 (s, 1H), 
7.26 (dd, 7= 6.1, 8.0, 1H), 7.42 (m, 1H), 7.60 (dd, /= 1.8, 5.4, 1H), 7.72 (s, 1H); MS 
(HPLC/ES): m/z = 454.0 (M + 1); LCMS RT (method A): 3.07 min. 



5.1. 2-(Acetyloxy)-3-methylbenzoic acid 




OH 



To a solution of 3-methylsalicylic acid (20.0 g, 131.5 mrnol) in anhydrous pyridine (42.5 
mL, 525.8 mrnol) was added acetic anhydride (49.6 mL, 525.5 mrnol). The reaction was 
stirred at room temperature under an argon atmosphere for 16 h. The solution was poured 
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into ice-water and extracted with dichloromethane (3 X 200 mL). The organic extracts 
were washed with aqueous IN hydrochloric acid (5 X 80 mL) and brine (2 X 100 mL). 
The organic layer was dried over magnesium sulfate and concentrated in vacuo to give a 
white solid (20.67 g, 81 1%): 1 H-NMR (DMSO-4): 5 2.16, (s, 1H), 2.27 (s, 3H), 7.25 (t, 
J= 7.6, 1H), 7.51 (d, J= 7.3, 1H), 7.73 (d, /= 7.7, 1H), 12.95 (s, 1H). 



5.2. 3-Formylsalicylic acid 




A suspension of ^(acetyloxy^-methylbenzoic acid (13.35 g, 68.8 mmol, Intermediate 
5.1.) in carbon tetrachloride (200 mL) was stirred under an argon atmosphere. A 500-watt 
tungsten lamp was positioned 2 inches directly in front of the reaction. The solution was 
gently heated with the lamp while a solution of bromine (7.08 mL, 137.5 mmol) in carbon 
tetrachloride (100 mL) was added dropwise, so that a red color persisted at all times. After 
the addition was complete, the reaction was allowed to stir an additional 2 h under the 
light. The reaction was allowed to cool to room temperature and the mixture was washed 
several times with a saturated aqueous Na 2 S 2 0 3 solution (3 X 150 mL). The organic layer 
was dried over sodium sulfate and concentrated in vacuo. The crude residue was purified 
by flash chromatography (0:100 to 5:95 methanol/dichloromethane) followed by 
crystallization (ethyl acetate/hexanes) to give a white solid which was then suspended in 
8% aqueous sodium carbonate and stirred, heating to reflux gradually (60° C for 16 h, 85° 
C for 22 h, reflux 24 h), for 3 d. The mixture was cooled to room temperature and made 
acidic with the addition of IN hydrochloric acid. The resulting solid was collected by 
filtration and dried under high vacuum for 14 h to provide the title compound (7.21 g, 
63%): 1 H-NMR (DMSO-d^): 8 7.05 (t, 7= 7.8, 1H), 7.91 (dd, J= 1.8, 7.8, 1H), 8.09 (dd, 
J= 1.8, 7.7, 1H), 10.35 (s, 1H). 
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5.3. 3.[i-(Ethoxycarbonyl)-8,9-dimethoxy-3-methyl-5,6-dihydropyrrolo[2, 
a]isoquinolin-2-yl]-2-hydroxybenzoicacid 




To a solution of ethyl 2K6,7-dimethoxy-2,3,4-trihydro4soqianolyUdene)-acetate (14.44 g, 
52.1 mmol, Intermediate 1.2.) in ethanol (40 mL) was added 3-formylsalicylic acid (7.21 
g, 43.4 mmol, Intennediate 5.2.), nitroethane (3.74 mL, 52.1 mmol), and piperidine (5.15 
mL, 52.1 mmol). The solution was heated at reflux under an argon atmosphere for 72 h. 
The reaction was allowed to cool to room temperature and the volatiles were removed in 
vacuo. The crude material was purified by silica gel flash chromatography (eluant 0:100 
to 10:90 methanol/dicbloromethane) and concentrated in vacuo to afford the product as an 
orange solid (9.7 g, 50 %): 1 H-NMR (DMSO-4): 5 0.77 (t, J= 7.0, 3H), 2.07 (s, 3H), 
2.98 - 3.03 (m, 2H), 3.71 (s, 3H), 3.78 (s, 3H), 3.86 (q, J= 7.1, 2H), 3.93 (t, /= 6.2, 2H), 
6.73 (t, J =1.5, 1H), 6.92 (s, 1H), 7.13 (d, /= 7.5, 1H), 7.66 (d, J= 7.5, 1H), 7.87 (s, 1H), 
8.43 (br s, 1H). 



5.4. Ethyl 8,9-dtoethoxy-2-[2-methoxy-3-(methoxycarbonyl)phenyl]-3-methyl-5,6- 
dihydropyrrolo[2,l-a]isoquuioline-l-carboxylate 



.0 
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To a solution of 3<l^e1hoxycarbonyl)-8,9-dimethoxy-3-methyl-5,6^ydropyrrolo[2,l- 
a]isoquinolin-2-yl]-2-hydroxybenzoic acid (5.00 g, 11.1 mmol, Intermediate 5.3.) in 
methyl sulfoxide (70 mL) was added potassium carbonate (9.18 g, 66.4 mmol) and 
iodomethane (2.76 mL, 44.3 mmol). The solution was stirred at room temperature under 
an argon atmosphere for 16 h. The reaction mixture was poured into water (150 mL) and 
was extracted with ethyl acetate (4 X 150 mL). The combined extracts were washed with 
water (3 X 100 mL), dried over magnesium sulfate and concentrated in vacuo to afford the 
crude product as an yellow solid, which was purified by trituration with methanol (4.1 g, 
77 %): X H-NMR (DMSO-d 6 ) 8 0.74 (t, J = 6.8, 3H), 2.07 (s, 3H), 2.97 (t, J = 6.2, 2H), 
3.39 (s, 3H), 3.72 (s, 3H), 3.79 (s, 3H), 3.82 (s, 3H), 3.83 - 3.91 (m, 2H) 3.89 - 4.06 (m, 
2H), 6.94 (s, 1H), 7.17 (t, J = 7.5, 1H), 7.29 (dd, J = 1.9, 7.6, 1H), 7.55 (dd, J = 1.8, 7.8, 
1H), 7.90 (s, 1H); MS (HPLC/ES): m/z = 480.3 (M + 1). 

6.0. 3-[l-(Ethoxycarbonyl)-8,9-dimethoxy-3-trifluoromethyl-5,6- 
dihydropyrrolo[2,l-a]isoquinolin-2-yll-2-benzoic acid methyl ester 




To a solution of ethyl 2-(6,7-dimethoxy-2,3,4-trihydroisoquinolyUdene)acetate (1.13 g, 
4.06 mmol Intermediate 1.2.) in 100 mL ethanol was added methyl-3-formylbenzoate 
(1.00 g, 6.09 mmol), trifluoromethylnitromethane (1.00 mL, 8.12 mmol), and piperidine 
(600 uL, 6.09 mmol). The resulting solution was heated to 80 °C and was stirred for 18 
hours, at which time TLC analysis (silica gel 60, 50:50 ethyl acetate/hexanes, UV 
detection) suggested complete reaction. The crude reaction mixture was concentrated in 
vacuo, and the residue was purified by flash column chromatography eluting with 1 :2 ethyl 
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acetate/hexanes to afford 700 mg (1.39 mmol, 34%) of the title compound: X H-NMR 
(CD 3 CN) 5 8.01 (m, 1H), 7.89 (s, 1H), 7.65 (s, 1H), 7.66 (s, 1H), 4.19 (t, /= 6.8 Hz, 2H), 
3.98 (q, 8.5 Hz, 2H), 3.90 (s, 3H), 3.89 (s, 3H), 3.81 (s, 3H), 3.09 (t, J= 8.5 Hz, 2H), 
0.85 (t,'j = 6.8 Hz, 3H); MS (HPLC/ES) m/z = 504.2 (M + 1); LC RT (Method G): 3.45 
min. 

6.1 3-[l-(Ethoxycarbonyl)-8,9-dimethoxy-3-triflaoromethyl-5,6- 
dmydropyrrolo[2^-a]isoquinoIiii-2-yl]-2-benzoicacid 




To a solution of 3-[l-(Emoxycarbonyl)-8,9-dimethoxy-3-trifluoromemyl-5,6- 
dmy(kopyrrolo[2,l-a]isoquinolin-2-yl]-2-benzoic acid methyl ester (660 mg, 1.31 mmol 
Intermediate 6.0.) in water/tetrahydrofuran (20 mL, 1:1 vol/vol) was added of lithium 
hydroxide (628 mg, 26.22 mmol). The resulting solution was heated to 50 °C and was 
stirred for 18 hours, at which time TLC analysis (silica gel 60, 50:50 ethyl acetatertiexanes, 
UV detection) suggested complete reaction. The crude reaction mixture was concentrated 
in vacuo, and the residue was dissolved in aqueous NaHC0 3 (20 mL). The aqueous layer 
was washed with EtOAc (2 x 20 mL), was made acidic with aqueous 2N hydrochloric acid 
. The aquesous layer was extracted with dichloromethane/isopropanol (4 x 40 mL, 10:1 
vol/vol), and the combined organics were dried (MgS0 4 ), filtered and concentrated to 
afford the tide compound (344 mg, 0.704 mmol, 54%): 1 H-NMR (DMSO, d 6 ) 5 13.01 (br. 
s., 1H), 7.92 (dt, J = 7.0, 1.5 Hz, 1H), 7.76 (s, 1H), 7.59 (s, 1H), 7.49 (m, 2H), 7.02 (s, 
1H), 4.15 (t, J= 7.1 Hz, 2H), 3.90 (q, /= 7.1 Hz, 2H), 3.81 (s, 3H), 3.72 (s, 3H), 3.07 (t, / 
= 7.1 Hz, 2H), 0.75 (t, J= 7.1 Hz, 3H); MS (HPLC/ES) m/z = 490.2 (M + 1); LC RT 
(Method G): 2.92 min. 
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Amine Coup ling Procedures 



Method A: Pa llid Synthesis Method 





The amines used in this experiment were prepared as 0.5 M solution in dichloromethane 
by using Bohdan weight station. The amine solutions (270ul, 135.0 umol) were dispensed 
into 96-well format FlexChem® Multiple Synthesis Reactor Block by using Tecan station. 
Ethyl 2^3-carboxyphenyl)^ 

a]isoquinoUne-l-carboxylate (60mg/lml DCM, 137.8 umol, Intermediate 1.3.) was added 
to each well by Bohdan dispense station. PS-DCC resin (n-cyclohexylcarbodiimide, n'- 
methyl polystyrene HL, 1.9 mmol/g, 140 mg, 266 umol) was then loaded to each well of 
the 96-well format FlexChem® Multiple Synthesis Reactor Block. The block was then 
sealed and stirred by rotation motion in a FlexChem® Rotating Oven at ambient 
temperature for 12 h. The solution in each well was released to 96 deep well plate. The 
resin was washed with dichloromethane (3 X 2 ml) and the dichloromethane was released 
to the other deep well plates. After concentration to remove solvents, the combined 
material was diluted with dichloromethane and transferred to 96-well format FlexChem® 
Multiple Synthesis Reactor Block. PS-Isocynate (80 mg, lOOumol, 1.7 mmol/g) was 
loaded to each of well which contains the reaction mixture. The block was then sealed and 
stirred by rotation motion in a FlexChem® Rotating Oven at ambient temperature for 12 h 
to scavenge the excess amine. The resin was filtered and washed with dichlormethane (3 
X 2ml). The dichloromethane solution was collected into a 96 deep well plate. The 
solution was then transferred by Tecan to 80 individual pre-weighed 8 ml vials. The 



61 



WO 03,05.8,7 PCT/US02/4.32. 

solvent wasremovedinvacuoandme product was weired win, a Bohdan weight station. 
Products were confirmed by both 'HNMR and LC-MS. 



MethadB 

Example 1= Ethyl MW.yar^y-Hft*? pyridtay».»ino)eth,l] amino) carbonyl)- 
phenyW^emoxy-S^emy^^ 




A mixtore of i-lH^o^^-^^^- 3 -^- 5 - 6 ^^^' 
alisoqntaoUn-a-ylJ-a-hydroxybenzoic acid (100 mg, 0.230 mmol, Intermediate 2.1.), N-p- 
aminoethyO-N^-pyridmyiyarnme (63.0 mg, 0.46 mmol), PS-DCC (N- 
oyclohexylcarbodfimide, N'-memyl polystyrene HL, .17 mg, 0.344 mmol), and 1- 
hyoroxybenzotriazole (62.0 mg, 0.46 mmol) in tetrahydrofUran (1 mL) and 
dicnloromethane (2 mL) was reacted at room temperature for 18 h. The reaction nuxture 
was filtered and the filtrate was concentrated in vacuo. Purification by silica gel flash 
chromato^aphy provided edryl ^hydrnxy-Mit^-pyridmyiammoJemyll. 
^„ScaAonyl)phenyl]- 8 ,9-^^^ 

,-carboxylate (135 mg, 71%): MS (HPUVES): m/z = 571.0 (M + 1; IXMS RT 
(method A): 2.49 min. 

sample 2: Ethyl M4-h,dr.xy-3<«2-flH 1 >yr.*.^^^ 

ph«.yll-8,9^e m oxy-3-meth,M,6-d^^ 

carboxylate 
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To a solute of 70 mg (0.16 «4 of 5- [ ,-(*oxyca*ony.)-8,Wi I neftoxy-3-n 1 efl 1 yl. 
5 6-daydr»py™lo[2>a]i^oinoli n .2-y.]-2-hyd I o,ybeo Mte acid (Wermediate 2.1 ) » 5 
mL „f tarahydmfttran was added 45 mg (0.23 mmo!) of EDC 31 mg (0.23 nunol) of - 
kydmxyfcnaotriazole, and 60 uL of triage. After 30 min on the K» « 

mg (0.23 mmo!) rfHBw-W-jO*"— - ^ ™ S WK ^ 10 **" 
for 18 h at which time TLC analysis (siUoa gel 60, 90:10 dicUoromefoane/mefoartol, UV 
detection) suggested contp.ete reaction. The reaction mixture waa concen.ra.eo in vacuo 
an, foe crude product was purified by preparative HPLC, which affordeo 35 mg (0.0* 
^ «•/.) of product as a pink solid: 'H-NMR (CDjCN) 6 0.95 ft I - 7.0, 3H) 21 (s 
3H), 3.0! ft I - 6.4, 2H), 3.77 (m, 2H), 3.82 (s, 3H), 3.86 (s, 3H), 3.98 (m, 2H), «3 ft, J 
- 7 2, 2H), 4.36 ft 3 - 5.7, 2H), 6.24 ft 3 - 1.9, 1H), 6.92 (m, 2H), 7,8 (dd, 3 - 2.2 8.6, 
1H ) 7 37 (d, J - 2.3, 1H), 7.47 (m, .H), 7.53 (m, 1H), 7.63 (br s, 1H), 7.79 (s, .H) .2.5 ft 
lH);MS(HPLC/ES)m/z-545.0(M + l); LCMS RT (method B) 3 . 1 4 mm. 



Method D . _ . „ 

Example 3: Ethyl 8,9-dimetho^^ 
phenyl}-5,6^ydropyrrolo[2A-al4soqumoline-l-carbo Xy late 
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To a solution of 500 mg (U48 mmol) of HHottoxyoarbonyD-S^dtoeftoxy-J-m^l- 
5 ,6-dihyd I opy I rolo[2, 1 .a]iso q umonn. 2 -yl]b am io acid (Intermediate 1.3.) in 10 mL of 
dichtaomelhane was added 279 uL (1.72 mmol) of 1-phenylpiperazine, Mowed by 60 
uL (148 mmol) triemylamine, 242 rag (1.26 mmol) of l-(3<limeuaylaminopro P yl)-3- 
efcy^odiimide hydrochloride, and 14 mg (0.115 mmoD of ^emylannnopyndrne. 
The resultant dear yeUow soluftm was athred at room temperature under an argon 
atmosphere for 16 h, a. whieh hme TLC anarysis (siliea gel 60, 2:3 eflty. ace*te*exanes 
UV detection) suggested complete reaction. The organios were washed w,th 1 N 
hydrochloric acid (1 X 25 mL) and saturated aqueous NaHCO, solution (1 X 25 mL), 
dried over sodium sulfate arm concenttated in vacuo. Tie residue was recryatallized ftom 
ether:hexanes to provide 189.1 mg (0.326 mmol, 28%) of a eystalline solid: H-NMR 
(CDC1,): 8 = 0.95 ft J= 7.1, 3H), 2.17 ft 3H), 3.00 ft /= 6.0, 2H), 3.20 (m, 4H), 3.67 
(m, 2H), 3.91 (s, 3H), 3.92 (s, 3H), 4.04 (0,,= 7.0, 2H), 6.73 (a, 3H), 6.92 ( m, 3H), 7.30 
(m, 5H), 7.93 (s, 1H); MS (HPLC/ES): m/z = 580.9 (M + 1): LCMS RT (me^rod A): 
3.41 min; TLC (30:70 ethyl acetate/hexanes): R/= 0.31. 



Method E 

Example 4: Ethyl 2KH[4Kcyelohexylmemyl>l. P io.raxmyl]^rbonyl)-phenyW- 
dimeA.xy-3-memyl-5,6^yd r opyr r .k,[2,l-a)-i»<»q«m.line.l^ 

hydrochloride 
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^ being sfeed ft, 10 * «. — « —* * "» * 

,.^ ^^^(438 ^2.4^0. Ueso ta honwasaUowed.ow*n 1 

^ wa s Led, and ft. too phases were sapped. The organie ^ was washed ^ 

i nn.n dried over sodium sulfate and concentrated 
saturated aqueous NaHC0 3 solution (10 xnL), dried over som 

saturated aqu M 
b, vac« 0 . The crude product was purified with a Biotage Qua 

eluting wuh 50:50 ethyl acetate/hexanes to afford the free base as a solid. The solid was 
Z 1 hydrochloric acid (1M In e*er, 2 mL). The resultant precipitate - 
recoveredbyfilt^^ 

mg ,60o/o): MS(HPLC/BS): m/z = 600.2 (M + 1); LCMS RT (method A): 2.57 mm. 



3.5^dihydrop y rrolo[V-fllisoquinoline.l-carb OX ylate 
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To a 0 °C solution of .00 mg (0.22 mmo.) of M*********^ 

ta 4 1l of .etiahydrotan was addeti 20 pL (0.26 tnnrol) of oxaly. cMonde dtop^ 
Mowed by one *op of««* ™« « —* to ~ 7"*" 

Stated witit 4 mL of teuahydrofaan, tW by the addition of 60 pL (0.44 rnnro ) o 
famine and 40 pL (0.33 anno.) of cydohexylanune. Tbis was -tad fa 1 * - 
wMch time TLC aralysis (stiica gel 60, 50:50 etoyl acotate™ UV deletion 
^ complete reaction. * reaetion mixture was dilated with waKs and etiryl 
acl and ti,e layers we* separated. Ik. a^eous layer was extiacteti wrih eti.ylaee.te 
,3X10 mL), and the organic layer was dried over magnesintn suite and ««W I - 
L The crude product was purified by prepare TLC Curing with 50:5 ethyl 
acetaWhexanes which affordeti 23.2 org (0.043 20%) of .he titie expound as an 
off .whi.e solid: MP 140-142 °C; 'H-NMR (CD 3 CN) 5 0.99 ft /- 7.5, 3H), 139 (WW. 
, 67 0. s, 1H), 1,9 (br s, 2H>, 2.17 (s, 3H). 3.00 ft 7.0, 2H), 3.82 (s 3H, M6 h 
3H) 3 97 ft 6.3, 2H), 4.07 (m, 2H), 6,3 (br s, 1H), 6.90 (s, 1H), 7.18 (m, 1H), 734 
^ 7.60 (dd, , - 2.3, 6.9, 1H), 7,3 (s, ,H); MS (HPLC/ES) 535.2 m/z = (M + 1); 
LCMS RT (method B): 3.53 min. 



Example 6: E thyl-8,9-d^^ 
3-methyl-5,6-dmydropy^^^ 
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233 mg (0.448) of PyBop and 86.0 mg (0.4 _> 

a tVi<» rp«in1tine mixture was stared tor 18 n at 
methoxyphenyDpiperazine were added. The resulting mix 

,./-r «.i fin 50-50 ethyl acetate/hexanes, UV detection; 
which time TLC analysis (silica gel 60, einyi 

which time ^ ^ ^ layere were 

suggested complete reaction. The reaction mix 

^wasdriedovermagnesiumsmfateandconcentrated^ 

pled by preparative TLC eluting wi* 50:50 etayl acetate/hexanes to afford 4 nrg 
, r-76 2ffi 646(m 2H), 6.54 (d, /= 7.1, 1H), 6.72 (s, 1H), 7.18 (t, J- 8.5, 1H), 7.3 



mm. 
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by Biotage using 50:50 ethyl acetatemexai * 

L^. MS (HPLOES), -fc - M0.2 (M ♦ 1); U.MS RT A). 3,7 », 

TLC (50:50 ethyl acetate/hexanes): R f - 0.22. 
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General Procedures 




To a solution of 99.8 mg (0.17 nnno.) of ^ ^O*^^ 

ol^ was ado* 25 0 -04 ~0 - P— 

, ,j. A oni>r fnr 18 h at which time 11A^ andiyM& 
! of iodomethane. The reaction was heated to 80 C tor 18 n, at 

) ofiodomeuiane. rf ptect ioh> suggested complete reaction. 

/ -r „ ™1 SO-50 ethvl acetate/hexanes, UV detection; suggc* 

^ I 'II 1 — - - - - — - 1116 layKS were 

H aod concent in vacoo. Ue - p.doc. was poHfied oy ^» ™ 

co^oond as a yeUowish soHd: >H-NMR (CD,CN) 8 0.98 ft «* ^ ^ 
2 99 (t /- 6.4, 2H), 3.8. (s, 3H>, 3.86 (s, 3H>, 3.95 ft 6.4, 2H), 4.02fe % «6 J. 
Z 4 69 (d /= 5.5, 2H), 6.89 (s, 1H), 7.15 ft/- 8.3, 1H), 7.33 (m, 3H), 7.44 H fflX 

20 1); LCMS RT (method B) 3.81 min. 
Method J 

1. Formation ofsolidphase bound propylamine: 

HM 3.^o^yy^ —ethyl resin (NovaBiochem; 10.0 g 078 
25 lv g ) is suspended in dichloromethane (80 ml)/trimeth y l or—ate (40 ml, 
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, • n n « 5 equiv.) is added and the reaction mixture is shaken at room 
F^amine (23! g, 5* ^ ^ fte ^^ rf twice wimdinremyl- 

temperature overnight. The mixture is miercu 

„ vi The resin is re-suspended in dimethylformamide (100 ml), ana 
formamide. The resin « ^ ^ ^ 

te^utylammoniumborohydndeC^Ol » asolutiono f acetic acid 

for 1 5 min at room temperature, the mixture is cooled to - 40 C, a solunon 

for 15 mm at room P ^ ^ ^ tQ room 

f44 mlVdimethylformamide (20 ml) is aaaeo, auu ^^tedlv 
^ nu/u ,,. t . rtMa1 o 0 The resin is filtered and repeatedly 



2. Acylation of propylamine on solidphase: 

u n no a 2 34 mmol) is suspended in dichloromethane 
The propylamine resin from above (3.00 g, 2.34 mmoy f . , . 

me propyl stimn& followe d by 

(30nd).N,N-diisopropylemylamme(1.81g,6equiv.)is 

.formylbenzoic acid chloride (1.18 g, 3 eo^uiv., The mixture is shaken for h * ^ 
e^ture. me resin is filtered and repeatedly washed with medianol, dimethyl 
Janiide,metfranol,d^^ 



J. Formation ofheterocycle: 

form— . acid amide ream from ahove (1.00 g. 0.78 mmo.) ia suspended in 
The formylbenzoic batons (5 equiv.) and ammonium 

1 shl a, 80 -C overnight The resin ia filtered, repeatedly wa^ed (me^ 
^omefiiane, diethyl ether) and dried „ ~~ The cnide product , cleave, fiom 
sohd phase with 50% trifluoroacetic acid in dichloromethane. 
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0 






NH 


F- 


k 







To a soUuion of of ethy. 2 <o,7-d ta «,3,4-«hyd I o is o ll ™nol y Udene)ao* t e ( 00 * 
la 72, — iate .,.) in emano, (5 mL) waa 
HIL (.49 0,4 tri— = ^ * M2 

Z .8 noui, a wnich rime TLC ana.ysi S (sUica ge. 60, 50:50 emy. acotut— 

,, ta The auds reaction mixture was concentrated ■» 
detection) suggested complete .reacrion. The crude « 

«» and me resuHing erode soUd was purine* by prepare HPIX elunng 

7.66 (s, 1H), 7.56 (m, .H), 7.46 (m, 3H), 6.96 (m, 3H), 4,7 (d, ^ » ^ 

-62Hz 2H) 3 97(q,/-7.2 Hz, 2H), 3.88 (s,3H), 3.8. (»r,3H), 3.09(^-6.8 Hz, 2K) 
« IS ^ HZ, « MS (HPLC/ES) „z - 6.5, (M + ft HPLC KT (Metriod <* 



3.37 min. 
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The following amides were 
5 procedure indicated. 



Table 1 

from Intermediate 1.3. using the amine coupling 




Ex.-No 


R 


LCMS 
m/z 

(M+l) 


RT 
(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


10 




515.4 


2.92 


B 


A 


11 




529.5 


3.15 


B 


A 


12 


0 


f__ 


638.5 


2.31 


B 


A 


13 




} 


559.4 


3.33 


B 


A 


14 






542.4 


2.34 


B 


A 


15 




S3 


559.4 


3.29 


B 


A 
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Ex.-No 


R 


lcms : 

m/z 

(M+1) 1 


LCMS , 
RT 

(min) 


LCMS/ 
HPLC M 
Method 


Amine 
Coupling 
Method 


26 


F 

i 1 
F 




561.4 


3.16 


B 


A 


27 




) 


561.4 


3.10 


B 


A i 


28 




"F 


557.5 


3.24 


B 


A | 


29 ' 






593.4 


3.33 


B 


A 


30 






539.5 


3.24 


B 


| A 


31 


! i 




553.5 


3.35 


B 


A 


32 




r 


- 

553.5 


3.31 


B 


A 


33 






593.4 


3.33 


B 


1 A ! 


34 




c 


585.5 


2.92 


B 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS , 
RT 

(min) 


LCMS/ 
HPLC « 
Method 


Amine 
Coupling 
Method 


61 


A N -0* 

H 


D 


557.5 


3.18 


B 


A 


62 


r 1 
r° 

IN 

H 


D 


597.5 


3.33 


B 


A 


63 


* N \ 
H 0- 


b 


609.5 


3.34 


B 


A 


64 






531.4 


3.04 


B 


A 


65 




533.5 


2.87 


B 


A 


66 


vc 


0 

11 

N+ 


570.4 


3.14 


B 


A 


67 


H 


475.4 


2.75 


B 


A 


68 


A N /\J 

H 


T 


555.5 


2.95 


B 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS , 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


69 


XI ! 

H | 


607.4 


3.48 


B 


A 


70 




489.5 


2.97 


B 


A 


71 


V-'p 


554.5 


2.77 


B 


A 


72 


H | 


523.5 


2.51 


B 


A 


73 ! 


, Y 1 

H 1 


562.5 


2.25 


B 


A 


74 


O 

H 


594.5 


2.33 


B 


A 


75 


I 

A N ^JU 

H 


569.5 


3.09 


B 


A 


76 


H 


507.4 


2.74 


B 


A 


77 


H 


507.5 


2.81 


B 


A 


78 




519.5 


3.37 


B 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


79 




551.3 


3.34 


B 


A 


80 




565.5 


3.44 


B 


■ A i 


81 


OH 

H 


569.5 


2.87 


B 


A 


82 




553.5 


3.34 


B 


A 


83 


H 


553.5 


3.32 


B ' 


A 


84 


H 


592.5 


3.27 


B 


A 


85 


OH 
A H 1 


521.5 


2.70 


B 


A 


86 


H 


573.2 


3.39 


B 


A 


87 




571.5 


2.81 


B 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


88 




^NH 2 


540.5 


2.26 


B 


A 


89 




S 


H 


521.5 


2.73 


B 


A 


90 


aJ 

H 


JQW 




555.5 


2.89 


B 


A 


91 


H 




.OH 

) 


555.5 


2.92 


B 


A 


92 


A„, 


.OH 


555.5 


2.87 


B 


A 


93 


HQ., 

A,, 




567.5 


2.99 


B 


A 


94 


1~ OH 


547.5 


2.84 


B 


A 


95 


An- 






545.4 


3.24 


B 


A 


96 


Vi 


c 




609.4 


3.45 


B . 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


HPLC 
Method 


Amine 

Coupling 
Method 


97 


V 


531.5 


3.36 


B 


A 


98 


U 


594.5 


3.06 


B 


A 


99 




519.5 


2.59 


B 


A 


100 




533.5 


2.63 


B 


A 


101 


-ST 1 


537.5 


3.00 


B 


A 


102 




560.5 


2.15 


B 


A 


103 


H 


540.5 


2.27 


B 


A 


104 




553.5 


3.40 


B 


A 


105 




553.4 


3.28 


B 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


HPLC 
Method 


All II lie 

Coupling 
Method 


106 


H 


489.4 


, 3.06 


B 


A 


107 


H 




562.5 


2.23 


B 


A 


1 AO 

108 


P 

f w° 


687 5 


3.65 


B 


A 


109 


H 


531.4 


3.41 


B 


A 


110 


H 


H 


529.4 


3.32 


B 


A 


111 


H 


594.5 


2.37 


B 


A 


112 


H 




584.5 


3.16 


B 


A 


! 113 


H 


J 


010. 0 


1 94 


MJ 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+1) 


LCMS 
RT 

(min) 


HPLC 
Method 


Amine 
Coupling 
Method 


1 14 


H 






B 


A 




HO. 










115 




567.5 


3.03 


B 


A 


116 




519.5 


3.43 


B 


A 


117 


'■•6 


517.4 


3.14 


B 


A 




"a 










118 




611.5 


3.10 


■D 
D 


A 




^ p 










119 




622.5 


2.58 


B 


A 


120 




569.5 


3.33 


B 


A 


121 


H 


540.5 


2.38 


B 


A 
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Ex.-No 



159 



160 



161 



162 



163 



164 



CN 




A. 






OH 



A. 




N 



LCMS LCMS 

m/z RT 

(M+l) (min) 

568.2 3.49 



489.2 2.94 



LCMS/ 
HPLC 
Method 



B 



Amine 
Coupling 
Method 



B 



553.3 3.64 



B 



597.3 2.83 B 



583.3 3.27 B 



551.2 3.47 B 



165 


H 1 


518.0 


3.15 


A 


F 


166 


1 | 


479.0 


3.07 


A 


C 


167 


H 


| 512.0 


2.56 


A 


F 


168 


h 6h 


533.3 


2.96 


A 


F 
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RT ] 
(mm) 






Ex.-No 


1 

R 


XMS I 
m/z 

(M+l) 


CMS/ 
HPLC C 
ilethod 1 


Amine 

oupling 

Method 


178 




577.9 


3.45 


A 


H 


179 


H OH 


533.2 


2.98 


A 


B 


180 


F 


594.0 


3.52 


A 


H 


181 




540.3 


| 3.25 


A 


H 


182 




540.3 


3.25 


A 


H 


183 




544.2 


3.18 




H 


184 




544.3 


3.18 


A 


H 


185 




555.9 


3.04 


A 


B 


186 


H Cl 


559.9 


3.52 


A 


H 
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Ex.-No 


R 


LCMS 
mix 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


221 


H < 


506.4 


2.24 


F 


C 


222 


H 


520.3 


2.3 


F 


C 


223 


H 


532.2 


2.16 


j F 


c 


224 


, H 
H HNV 


518.2 


1.95 


F 


C 


225 




532.2 


2.32 


F 


c 


226 


H 


478.2 


1.98 


F 


c 



table 1 



96 



WO 03/051877 



PCT/US02/40328 



Table 2 



The following amides were prepared from Intermediate 2.1. using the amine coupling 
procedure indicated. 




Ex.-No 


R 


LCMS 
m/z 

v iVX ~ A / 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


227 


CI 


575.2 


3.62 


B 


A 


228 




542.4 


2.34 


B 


A 


229 




654.4 


1.79 


B 


A 


230 




541.5 


3.39 


B 


A 


231 




609.5 


3.69 


B 


A 


232 




555.5 


3.52 


B 


A 
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Ex.-No 


R 


LCMS | 
m/z 

(M+l) 


RT 
(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


| 261 


H 


570.5 


2.80 


B 


A 


| 262 


H 


561.5 


3.67 


B 


A 


263 


pi 

r° 

H 


613.6 


3.60 


B 


A 


264 




555.1 


3.68 


B 


A 


265 


H 


556.6 


2.56 


B 


A 


| 266 




571.1 


3.62 


B 


A 


267 


H 


564.6 


2.57 


B 


A 


268 




547.0 


3.82 


B 


A 


j 269 


H M 


591.6 


3.76 


B 


A 
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Ex.-No 


R 


m/z 
(M+l) 


RT 
(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


270 


H 


562.6 


2.54 


B 


A 


271 


H 




585.6 


3.58 


B 


A 


272 


F 

M 

n 


3 


573.6 


3.61 


B 


A 


273 


H 


N 


556.6 


2.59 


B 


A 


274 


H 


r F 


573.2 


3.72 


B 


A 


275 


H 




573.2 


I 3.72 


B 


A 


276 


/ 

P 


593.3 


2.19 


B 


A 


111 


H 


491.2 


3.19 


B 


A 


278 






j 571.2 


3.51 


B 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+1) 


RT 
(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


279 


H 


505.2 


3.44 


B 


A 


280 


H l^i 


578.3 


3.04 


B 


A 


281 


CI 

H 




623.2 


3.91 


B 


A 


282 


^0 

H 




585.3 


3.57 


B 


A 


283 




> 




567.2 


3.69 


B 


A 


j 284 


■*-N ^ 




640.3 


2.90 


1 B 


A 


285 


•VV 

H 1 




537.3 


3.00 


] B 


A 


286 


H 




617.3 


3.89 


! B 


A 


287 




c 


624.3 


3.04 


B 


A 
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Ex.-No 


R 


LCMo 
m/z 

(M+l) 


RT 
(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


288 




545.2 


3.38 


B 


A 














289 




537.3 


*5 AO 

3.08 


r> 

n 


A 




HQ V-A 










290 




583.2 


3.28 


B 


A 


291 




561.2 


3.58 


B 


A 


292 




626.3 


3.13 


B 


A 


293 




548.2 


2.59 


B 


A 


294 




625.2 


3.79 


B 


A 


295 




553.2 


3.08 


B 


A 


296 




569.3 


3.77 


B 


A 
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Ex.-No 


R 


LCMa 
m/z 

(M+1) 


RT 
(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


297 




588.3 


2.35 


B 


A 


90S 


H KJ 


569.3 


3.73 


B 


A 




P\ 










299 


H ^=z/ 


700.3 


3.90 


B 


A 


300 


Vv 1 


505.2 


3.36 


B 


A 


301 


H 


547.3 


3.84 


B 


A 


302 




570.3 


3.25 


B 


A 


303 




545.3 


3.69 


B 


A 


304 


H 1 


578.3 


2.48 


B 


A 


305 


H 


523.2 


3.24 


B 


A 


306 


H 


523.2 


3.13 


B 


1 A 
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Ex.-No 


] 

R 


m/z 
(M+1) 


r rMS 
RT 

i 

(min) 


LCMS/ 
HPLC < 
Method 


Amine 
Coupling 
Method 


315 


H 


610.3 


r\ /TO 

2.63 


r> 
0 


A 


316 




535.3 


3.79 


B 


A 


317 




581.3 


3.81 


B 


A 




318 


H 


1 610.3 


2.59 




A 




319 


H 


624.3 


2.57 


B 


A 




320 




569.3 


3.65 


B 


A 




321 


H 


569.3 


3.69 


B 


A 




322 


NO2 

H 


600.2 


3.51 


B 


A 
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Ex.-No 


] 

R 


LCMS 1 
m/z 

(M+l) 


RT 
(min) 


LCMS/ 
HPLC < 
Method 


m 

Amine 
Coupling 
Method 


1 323 


H 




589.2 


3.77 


B 


A 


324 


HQ,, 


b 


583.2 


3.29 


B 


A 


325 


OH 


563.3 


3.26 


B 


A 


326 






565.3 


2.72 


B 


A 


327 


1 


X. 1 


627.3 


3.01 


B 


A 


328 


1 /OH 


597.3 


2.65 


B 


A 


1 39Q 


- J 


638.3 


3.02 


B 


A 
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Ex.-No 


R 


m/z 
(M+1) 


r.rMS 
RT 

(min) 


LCMS/ 
HPLC - 
Method 


Amine 
Coupling 
Method 


330 




610.3 


2.43 


B 


A 


331 




629.3 


3.44 


B 


A 


332 






640.3 


2.31 


B 


A 


333 




A OXf 


624.3 


2.49 


B 


A 


334 






585.4 


3.25 


B 


A 


335 




H 


567.6 


3.28 


B 


A 


336 




585.2 


3.18 


B 


A 


337 


H 1 


537.3 


3.07 


B 


A 


338 


H 


537.3 


3.01 


B 


A 
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Ex.-No 


J 1 

R 


LCMS 1 
m/z 

(M+1) 


jCMa 
RT 

(min) 1 


LCMS/ 
HPLC < 
Method 


Amine 

:oupUng 

Method 


339 




613.2 


3.52 


B 


A 


340 


N ^ 


557.2 


2.79 


B 


A 


341 


/ 


558.3 


3.18 


B 


A 


1 342 




585.3 


3.34 


B 


A 


343 




581.3 


3.61 


B 


A 


344 




569.3 


3.51 


B 


A 


345 




585.3 


3.27 


B 


A 


346 




569.3 


3.42 


B 


A 


347 




585.3 


3.28 


B 


A 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


RT 
(mm) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


376 




573.5 


3.96 


B 


C 


377 


H 6 


625.5 


3.91 


A 


B 



table 2 
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The following amides were 
procedure indicated. 
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Tablel 

Intermediate 3.3. using the amine coupling 



from 




Ex.-No 


R 


LCMS 
m/z 

(M+1) 


LCMS 
RT 

(min) 


LCMS/ Amine 
HPLC Coupling 
Method Method 


378 






575.2 


3.40 


A F 


379 




585.2 


3.14 


A F 


380 




) 


561.2 


3.31 


A F 


381 






611.2 


3.52 


A F 


382 






642.2 


3.22 


A * 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) | 


RT 
(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


393 


vHa F 

F 


575.5 


3.60 


B 


C 


394 


• 

i 


497.1 


2.95 


A 


F 


395 


H 


524.3 


3.19 


B 


C 


396 




538.9 


2.94 


A 


C 


397 


H 


536.2 


2.24 


F 


C 


398 


H 


535.2 


3.17 


F 


c 



table 3 
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Table 4 

The following amides were prepared from Intermediate 4.2. using the amine coupling 
procedure indicated. 




Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


399 




618.7 


2.81 


B 


F 


400 




575.6 


3.82 


B 


F 


401 




561.2 


2.37 


B 


F 


402 




611.2 


3.80 


B 


F 



table 4 
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Table 5 



The following amides were prepared from Intermediate 5.3. using the 
procedure indicated. 

5 




Ex.-No 


R 


LCMS 
mJz 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


403 




553.2 


3.55 


B 


C 


404 


1 v^o 


578.2 


2.50 


B 


C 


405 


H 


522.3 


3.19 


B 


c 


406 




573.0 


3.64 


B 


C 


407 


"OjO 


616.2 


2.65 


B 


C 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


408 




574.3 


3.63 


B 


C 


409 




557.1 


3.50 


B 


C 


410 




608.9 


3.45 


B 


C 


411 




572.1 


3.59 


B 


C 


412 




536.3 


3.20 


B ' 


C 


413 




608 


3.38 


! F 


C 


414 




473.2 


2.89 


F 


C 


415 




498.2 


3.01 


F 


C 


416 




589.2 


3.04 


| F 


C 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


417 




594.2 


2.46 


F 


C 


418 


H 


487.2 


3.37 


F 


C 



table 5 
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The following amide was prepared from Intermediate 2.1. using the amine coupling 
procedure indicated, followed by methylation of the phenol using general procedure I. 




Ex.-No 


R 


LCMS 
m/z 

(M+1) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


419 




572.5 


3.36 


A 


C 



table 6 
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Table 7 



The following amides were prepared from Intermediate 5.4. using the amine coupling 
procedure indicated. 

5 




Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 

lVJLCLUOIl 


Amine 
Coupling 

1VJLCU1UU 


420 


H 


536.9 


3.09 


A 


C 


421 


» U^p 

F 


536.9 


3.09 


A 


C 


422 


^NH 


550.9 


3.01 


A 


C 


423 




543.1 


3.30 


F 


C 


424 




523.2 


3.21 


F 


C 
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Ex.-No 


R 


LCMS 
m/z 

(M+l) 


JLiCMa 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Amine 
Coupling 
Method 


425 


Vc 




541.1 


3.23 


F 


C 


426 


*OjO 


630.3 


2.26 


F 


C 


427 


H 


501.2 


3.25 


F 


C 


428 


H 


] 


548.2 


2.22 


F 


C 


429 




512.2 


3.70 


F 


C 


430 




521.2 


3.03 


F 


C 


431. 






487.17 


2.90 


F 


C 


432 






654.2 


2.56 


F 


C 


433 


V0 


^CF 3 


577.1 


3.38 


F 


C 



table 7 
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Table 8 



The following amides were prepared using general procedure J . 




Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


General 
Procedure 


434 




547 


5.17 


D 


J 


435 




505 


4.59 


D 


J 



table 8 
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Table 9 

The following amides were prepared from intermediate 6.1 using general the amin< 
coupling procedure indicated. 

5 




Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


General 
Procedure 


436 


H 


571.1 


3.40 


F 


C 


437 


r? 


616.1 


2.18 


F 


C 


438 


F 


648.1 


3.25 


F 


C 



table 9 
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Table 10 

The following amides were prepared from intermediates indicated, following the same 
procedure used for the synthesis of Intermediate 6.0. 




Ex.-No 


R 


LCMS 
m/z 

(M+l) 


LCMS 
RT 

(min) 


LCMS/ 
HPLC 
Method 


Intemediate 


439 


A OX) 


654.2 


2.51 


F 


7.0 


440 


H 


529.1 


2.93 


F 


8.0 



table 10 
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In vitro Edt y™* Inhibition Assay : 

Full-length recombinant PDE 10a was expressed in Sf9 insect cells (Invitrogen, Carlsbad, 
California, U.S.A.) using the Bac-to-Bac™ Baculovirus Expression System (Life 
Technologies, Gaithersburg, MD, U.S.A.). 48 hours post infection, cells were harvested 
and resuspended in 20 mL (per 1L culture) Lysis Buffer (50 mM Tris-hydrochloric acid, 
P H 7.4, 50 mM NaCl, 1 mM MgCl 2 , 1.5 mM EDTA, 10% glycerol plus 20 uL Protease 
Inhibitor Cocktail Set ffl [CalBiochem, La Jolla, CA, U.S A.]). Cells were sonicated at 4°C 
for 1 minute and centrifuged at 10,000 RPM for 30 minutes at 4°C. Supernatant was 
removed and stored at -20°C for activity assays. 

The test compounds were serially diluted in DMSO using two-fold dilutions to stock 
concentrations ranging typically from 200 uM to 1.6 uM (final concentrations in the assay 
range from 4 uM to 0.032 uM). 96-well assay isoplates (Wallac Inc., Atlanta, GA, U.S.A.) 
were loaded with 2 uL of the serially diluted individual test compounds followed by 50 uL 
of a dilution of crude recombinant PDE lOa-containing Sf9 cell lysate. The dilution of the 
lysate was selected such that less than 70% of the substrate is converted during the later 
incubation (typical dilution: 1:10000; dilution buffer: 50 mM Tris/hydrochloric acid pH 
7.5, 8.3 mM MgCl 2 , 1.7 mM EDTA, 0.2% BSA). The substrate, [5',8- 3 H] adenosine 3',5'- 
cyclic phosphate (1 uCi/uL; Amersham Pharmacia Biotech., Piscataway, NJ, U.S.A.), was 
diluted 1:2000 in assay buffer (assay buffer: 50 mM Tris/hydrochloric acid pH 7.5, 8.3 
mM MgCl 2 , 1.7 mM EDTA) to give a final working concentration of 0.0005 uCi/uL. The 
enzymatic assay was initiated by addition of 50 uL (0.025 uCi) of diluted substrate. 
Reactions were incubated at room temperature for 60 minutes and terminated by addition 
of 25 uL of 18 mg/mL Yttrium Scintillation Proximity Beads (Amersham Pharmacia 
Biotech., Piscataway, NJ, U.S.A.). Plates were sealed and incubated at room temperature 
for 60 minutes. Plates were read for 30 seconds/well using a Microbeta counter (Wallac 
Inc., Atlanta, GA, U.S.A.). The IC 50 values were determined by plotting compound 
concentration versus percent inhibition. Representative results are shown in Table 1 1 : 
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Table 11 



Example No. j 


ICUn fnJVD i 


A 1 

4 


410 


5 


380 1 

%J V V j! 


6 


100 


35 | 


100 1 


67 j 


1600 ~~ 1 


72 j 


1 SO 


77 


990 1 


88 1 


^70 


90 | 


410 1 


93 


1 AO ! 


113 1 


< ^o I 


116 ' 




158 


910 I 

L,\.\J 


165 


1 70 I 


170 


940 


— 175 


100 I 


227 


^60 I 


234 


i ^ro n 


244 


450 


267 


1 40 i 

l ±~vl 


284 


79 1 
i / z» 


9R6 

LOU 


S 3900 1 


295 


j 65 j 


302 


1 130 1 


307 


200 | 


313 


1 660 | 


372 


240 
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381 


110 


392 




394 




404 

tut 


210 


430 


79 


438 


120 ~~\ 



table 11 



hi vitro Prolif eration Tohibition Assay: 



MDA-MB-231 human breast carcinoma cells (ATCC # HTB26) were cultured in standard 
growth medium (DMEM), supplemented with 10% heat-inactiyated FBS, 10 mM HEPES, 
2 mM glutamine, 100 U/mL penicillin, and 100 ug/mL streptomycin) at 37°C in 5% C0 2 
(vol/vol) in ahumidified incubator. Cells wereplated at a density of 3000 cells per well in 
100 uL growth medium in a 96 well culture dish. 24 hours after plating, lactate 
dehydrogenase (LDH) actiyity was determined using the Cytotox 96 Non-radioactrve 
Cytotoxicity Kit (Promega, Madison WI, U.S.A.) to yield T 0h LDH yalues. Briefly, cells 
were lysed with the addition of 200 uL of Lysis Buffer (included in the Promega Krt) and 
lysates were further diluted 1:50 in Lysis Buffer. 50 pL of diluted cell lysate were 
transferred to a fresh 96 well culture plate. The assay was initiated with the addition of 50 
UL of substrate per well. Color development was allowed to proceed for 10-15 minutes. 
The assay was terminated with the addition of 50 uL of Stop Solution (included in the 
Promega Kit). Optical densities were determined spectrophotometrically at 490 nm in a 96 
well plate reader (SpectraMax 250, Molecular Devices, Sunnyvale, CA, U.S.A.). 

Test compounds were dissolved in 100% DMSO to prepare 10 mM stocks. Stocks were 
further diluted 1 :250 in growth medium to yield working stocks of 40 uM test compound 
in 0.4% DMSO. Test compounds were serially diluted in growth medium containing 0.4% 
DMSO to maintain constant DMSO concentrations for all wells. 50 uL of fresh growth 
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medium and 50 uL of diluted test compound were added to eaeh culture well to give a 
final volume of 200 uL. The cells with and without individual test compounds were 
incubated for 72 hours at which time LDH activity was measured to yield T 72h values. 
Optionally, the IC 50 values can be determined with a least squares analysis program using 
compound concentration versus percent inhibition. 

% Inhibition = [l-CTvatest-Tohy^actri-Toh)] x 100 
where 

T 72ht est = LDH activity at 72 hours in the presence of test compound 
T 72h ctn = LDH activity at 72 hours in the absence of test compound 
Toh = LDH activity at Time Zero 

Representative results are shown in Table 12 below: 

Table 12 



Example No. 


% inhibition at a concentration 
of 2^M 


4 


91 


5 


37 


6 


89 


8 


88 


35 


86 


67 


88 


72 


61 


77 


91 


88 


89 


90 


89 


93 


91 


113 


93 
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fa vivo Tumor 



rjjjaM^r >,.^MnA-MB-23 n>m,or Xenograft Model 



tohibirion of tumor grow* to * is readily detemrined via to following assay. 

MDA-MB-231 cells are cultured as described above, lb. cells are harvested by twsini- 
safion, washed, counted, adjusted to 2.5x10' cells/mL with ice cold phosphate-buffered 
aaHne (PBS), and subseouenri, stored on * unril transplantauon. Xenograft expermrents 
„ conducted using eigbt-te-ten week-old female atoymic mice wito an average ody 
^ of about 20-25 g. Approximate* 5 x 10« cella in a total volume of 0.2 mL PBS are 
tojeoted subcutaneous!, in the flan, re^on. Thereafter the mica are randomraed and 
divided into seveml groups mat reflect different dosage* or schedules, respective* n - 
mice/group). The test compounds are admimaterod starring a, day 1 a, different dosages 
(., 10 20 and 40 mg/kg) and different schedules (eg. QIOOS. V™. Q>W>- Test 
compounds are formulated for oral admmisbauon in a vehicle for oral ad—on 
composed of polyethylene g.ycol-400, Cremophor®, eihanol arrd 0.9% saUne (40:5:5:50). 
twor measurements me perfonned twice per week. Tumo, weights are calculated ustng 
the fotmula (a x ^, where * and w refer to toe ,arger and smaUer dimensions conected 
at each measurement. Animals are sacrificed on day 15 after transplant and plasma 
was harvested for pharmacokinetic analyses. 




An MX-1 breast tumor xenograft model is maintained by aerial passage in NCr nu/mr 
female mice CTaconic Fanns, Qermautowu, NY, USA). Tumors are aseptically harvested 
from mice when they wei* approximately Ig. Tire envelope and an, non-viable areas are 
„ aad toe viable tiasne is cut into 3 x 3 x 3 mm cubes. These ftagments are 
implanted in the axUary region of the flank of recipient mice using a trochar. 

Treatment in anU-hrmor efficacy studies is intiated when all mice have tumors ranging m 
size ftom 75-125 mg. There are typically 10 mice in each experimental group. Each 

133 



PCTAJS02/40328 

WO 03/051877 

eipeaimen, con*, an unfterted confto, group to monitor tumor ^ B-ta. . 
vehide-^ con.ro. group, and a posrftve agent conftol group to assess ftae response of 

U* of conforms of any of tie consols «o me historical raugea for to «« 
coo^eaareasontonuUifyares*. ^'^"-^^I 

Tes.compoundsareformu.ated fororal — ^Hon onee per day nr a venrde eom^ 
of 5 ,s PEQ400/ 12% e*anol/ 12% Cremopho* EU 0.1 N hydmcblonc acrd . Tumor 

weights are reoorded in tenors of *ams. Bona me™«s are collected two .oft** 
J. per week. Animals are sacrificed on day 10 after ftre las, do. and M 
measurements. 

Tumor weights are ca.cula.ed using the equation (,*v^2, where , sard » refer to ftre 
^er and smaller dunensions cofteded at each measurement Efficacy is measured as ftre 
pint suppreasion of Prmor ^wfh expressed aa %AT,AC, where AT and AC repmaen. 
L change in ftre si* of ftre average tumor in the u-eared and eonftol groups ^peehvdy, 
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R. Operative exam] 



.in C rpinHnP to ohajmacguticaj compositions 



The compounds according to the invention can 
preparations as follows: 



be converted into pharmaceutical 



Tablet: 



r.om position: 



a f Pv*™1 e 1 50 me of lactose (monohydrate), 50 mg of maize 
100 mg of the compound of Example 1, 25 \ (from BASF, Ludwigshafen, 

starch (native), 10 mg of polyvmylpyrrohdone (PVP 25) (rrom a 
Germany) and 2 mg of magnesium stearate. 
Tablet weight 212 mg, diameter 8 mm, curvature radius 12 mm. 



Pre paration: 

The mixture of active component, lactose and starch is granulated with a 5% solution 
Z£Z P^t water. After drying, the granules *e mixed wim magnesium steamte 
Ts TZ^ is moulded using a customary tohto, press «*» fcrma,, see 
above). The moulding force applied is typically 15 kN. 



nmllv admi" 8g <™ Wft suspension; 

re position: 

a fCvamn ui i000mgofethanol(96%),400mgofRhodigel 
1000 mg of the compound of Example 1 , iuuu mg ui em v 
(xanthan gum from FMC, Pennsylvania, USA) and 99 g of water. 

A single dose of 1 00 mg of the compound according to the invention is provided by 10 ml 
of oral suspension. 
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Pre paration: 

The Rhodigel is suspended fa ethanol and the active component is added to the 
suspension. We water is added with stirring. Stirring is continued for about 6h until me 
swelling of the Rhodigel is complete. 
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Claims 
We claim: 

1 . A compound of the formula 



PCT/US02/40328 




(0 



wherein 

x and y independently from each other denote zero or 1 ; 

j^andR 2 independently from each other denote hydrogen, C M -alkyl or 

trifluoromethyl or 
R 1 and R 2 together form a C M -alkylene bridge; 

R 3 andR 4 independently from each other denote C^-alkyl optionally further 
substituted with halogen up to perhalo; 

R 5 denotes a radical of the formula 



O 
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r 6 denotes C w -alkyl, trifluoromethyl, trifluoromethoxy, halogen, 

hydrogen, hydroxy or Ci-e-alkoxy, 

X and Y independently from each other denote 



i) 
ii) 
hi) 



iv) 



v) 
vi) 



hydrogen; 
Ci-6-alkoxy; 

C 3 . 8 -cycloalkyl, optionahy having from 1 to 3 suhstituents selected 
from the group consisting of Ci.6-alkyl, hydroxy, benzyloxy, Ci_ 6 - 
trialkylsilyloxy, halogen and Ci-e-alkoxy; 

Cs-g-cycloalkyl fused to C 6 -C 10 -aryl, optionally having from 1 to 3 
suhstituents selected from the group consisting of hydoxyl, Ci- 6 - 
alkyl, trifluoromethyl, trifluoromethoxy, C 3 - 8 -cycloalkyl, halogen 

and Ci-6-alkoxy, 
C 5 -Cio-bridged bicycloalkyl; 

C 6 -Ci 0 -aryl optionally having from 1 to 3 suhstituents selected from 
the group consisting of Ci. 6 -alkyl, C 3 . 8 -cycloalkyl, C^-alkoxy, (Ci- 
6 -alkyl)-carbonyl, (C,. 6 -alkoxy)-carbonyl, trifluoromethyl, 
trifluoromethoxy and halogen; 

phenyl fused to a 5- to 7-membered saturated cycloalkyl, optionally 
containing up to two hetero atoms selected from the group 
consisting of O, N, and S; 
viii) heterocyclyl, optionally having from 1 to 3 suhstituents selected 
from the group consisting of Ci-e-alkoxy, phenyloxy, benzyloxy, d- 
6 -alkyl, Cj-g-cycloalkyl, trifluoromethyl, trifluoromemoxy, halogen 
and benzyl; 
heteroaryl; or 

C^-alkyl, optionally having from 1 to 3 substituents selected from 
the group consisting of 



vii) 



ix) 
x) 
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a) halogen up to perhalo, 

b) cyano, 

c) -OR 7 , 

d) -NR 7 R 8 , 

e) Ce-Cio-aryl, optionally having from 1 to 3 substituents 
selected from the group consisting of halogen, nitro, C w - 
alkyl, C 3 . 8 -cycloalkyl, -OR 7 , -NR 7 R 8 , (Ci^-alkyl)-carbonyl, 
(Ci. 6 -alkoxy)-carbonyl, C^-alkoxy, trifluoromethyl, 
trifluoromethoxy, -C(0)NR 7 R 8 , cyano, -SR 7 , and C 6 -Ci 0 -aryl, 

f) phenyl fused to a 5- to 7-membered saturated cycloalkyl, 
optionally containing up to two hetero atoms selected from 
the group consisting of O, N, and S, 

g) heteroaryl, optionally having from 1 to 3 substituents selected 
from the group consisting of Ci^-alkyl, C 3 -8-cycloalkyl, 
hydroxy, Ci^-alkoxy, benzyloxy, halogen and 
trifluoromethyl, 

h) heterocyclyl, optionally having from 1 to 3 substituents 
selected from the group consisting of Ci-6-alkyl, Ci^-alkoxy, 
C 3 . 8 -cycloalkyl, halogen and benzyl, and 

i) C 3 - 8 -cycloalkyl, optionally having from 1 to 3 substituents 
selected from the group consisting of Ci-6-alkyl, C M -alkoxy 
and hydroxy, 



wherein R 7 and R 8 independently from each other denote 

25 1) hydrogen, 

2) Ci-e-alkyl, optionally further substituted with 1 to 3 
substituents selected from the group consisting of hydroxyl 
and halogen, 

3) C 3 .g-cycloalkyl, 
30 4) benzyl, 
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5) Ce-Cio-aryl optionally having from 1 to 3 substituents 
selected from the group consisting of Ci-6-alkoxy, Ci^-alkyl, 
C 3 .8-cycloalkyl, trifluoromethyl, trifruoromethoxy and 
halogen, or 

6) heteroaryl; 

or 



X and Y together with the nitrogen atom to which they are attached form 
heteroaryl or heterocyclyl, wherein said heteroaryl or heterocyclyl 
may optionally have from 1 to 3 substituents selected from the group 
consisting of 

i) C 3 - 8 -cycloalkyl; 

ii) Ci-e-alkyl, optionally having from 1 to 3 substituents selected from 
the group consisting of C 3 . 8 -cycloalkyl, hydroxy, C w -alkoxy, 
halogen, phenylamino, morpholinyl, (C^-alkyl)-aminocarbonyl, 
benzo[2,3]dioxolyl and C 6 -Ci 0 -aryl, wherein said aryl is optionally 
substituted with Ci-6-alkyl or Ci-e-alkoxy; 

iii) C 6 -C 10 -aryl, optionally having from 1 to 3 substituents selected from 
the group consisting of halogen, Ci-6-alkoxy, Ci-e-alkyl, C3-8- 
cycloalkyl, trifluoromethyl, trifluoromethoxy and cyano, 

iv) hydroxy; 

v) Ci-e-alkoxy; 

vi) Ci-6-dialkylamino; 

vii) (Ci-6-alkoxy)-carbonyl; 

viii) aminocarbonyl; and 

ix) heteroaryl; 



140 



WO 03/051877 PCT/US02/40328 
X and Y together with the nitrogen atom to which they are attached form 
heterocyclyl fused to C 6 -Cio-aryl, optionally having from 1 to 3 
substituents selected from the group consisting of halogen, C w - 
alkyl, C 3 . 8 -cycloalkyl, Ci. 6 -alkoxy and hydroxymethyl; 



X denotes hydrogen and 

Y denotes -NR 9 R 10 ; 

wherein R 9 and R 10 independently from each other denote 

1) hydrogen, 

2) C 6 -Cio-aryl, optionally having from 1 to 3 substituents 
selected from the group consisting of halogen, Ci^-alkyl, C 3 . 
8 -cycloalkyl, Ci^-alkoxy, trifluoromethoxy and 
trifluoromethyl, 

3) heterocyclyl, 

4) C 3 . 8 -cycloalkyl, or 

5) Ci-e-alkyl; 



or 



R 9 and R 10 together with the nitrogen atom to which Ihey are 
attached form heterocyclyl or heteroaryl, wherein said heteroaryl or 
heterocyclyl may optionally have from 1 to 3 substituents selected 
from the group consisting of Ci- 6 -alkyl, C^-alkoxy, halogen and 
methoxymethyl; 

and an isomer, a pharmaceutically acceptable salt, a hydrate or a hydrate of a 
pharmaceutically acceptable salt thereof. 



2. A compound as recited in claim 1, wherein 
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x and y independently from each other denote zero or 1 ; 

R*andR 2 independently from each other denote hydrogen, C M -alkyl or 
trifluoromethyl; 

R 3 andR 4 independently from each other denote C^-alkyl optionally further 
substituted with halogen up to perhalo; 

R 5 denotes a radical of the formula 




wherein 

R 6 denotes halogen, hydrogen, hydroxy or d- 6 -alkoxy; 

X and Y independently from each other denote 

i) hydrogen; 

ii) Ci-6-alkoxy; 

iii) C 3 - 8 -cycloaikyl, optionally having from 1 to 3 substituents selected 
from the group consisting of CWalkyl, hydroxy, benzyloxy and Ci_ 
6-trialkylsilyloxy; 

iv) C 5 _ 8 -cycloalkyl fused to C 6 -Cio-aryl, optionally substituted with 1 to 
3 hydoxyl; 

v) C5-C10 bridged bicycloalkyl; 
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vi) Ce-Cio-aryl, optionally having from 1 to 3 substituents selected from 
the group consisting of C^-alkyl, C w -alkoxy and (C^-alkyl)- 
carbonyl; 

vii) phenyl fused to a 5- to 7-membered saturated cycloalkyl, optionally 
containing up to two hetero atoms selected from the group 
consisting of O, N, and S; 

viii) heterocyclyl, optionally having from 1 to 3 substituents selected 
from the group consisting of C^-alkoxy, phenyloxy, benzyloxy, and 
benzyl; 

ix) heteroaryl; or 

x) Ci-6-alkyl, optionally having from 1 to 3 substituents selected from 
the group consisting of 

a) halogen up to perhalo, 

b) cyano, 

c) -OR 7 , 

d) -NR 7 R 8 , 

e) C 6 -Cio-aryl, optionally having from 1 to 3 substituents 
selected from the group consisting of halogen, nitro, hydroxy, 
Ci-6-alkyl, -NR 7 R 8 , CWalkoxy, trifluoromethyl, 
trifluoromethoxy and C6-Ci 0 -aryl, 

f) phenyl fused to a 5- to 7-membered saturated cycloalkyl, 
optionally containing up to two hetero atoms selected from 
the group consisting of O, N, and S, 

g) heteroaryl, optionally having from 1 to 3 substituents selected 
from the group consisting of Ci-e-alkyl, hydroxy, Ci-e-alkoxy, 
benzyloxy and trifluoromethyl, 

h) heterocyclyl, optionally having from 1 to 3 substituents 
selected from the group consisting of Ci- 6 -alkyl and benzyl, 
and 

i) C 3 - 8 -cycloalkyl, optionally further substituted with 1 to 3 
substituents hydroxy; 
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wherein R 7 and R 8 independently from each other denote 

1) hydrogen, 

2) Ci-6-alkyl, optionally further substituted with 1 to 3 
substituents hydroxyl, 

3) benzyl, 

4) C 6 -Ci 0 -aryl, optionally further substituted with 1 to 3 
substituents Ci. 6 -alkoxy, or 

5) heteroaryl; 



or 



X and Y together with the nitrogen atom to which they are attached form 
heteroaryl or heterocyclyl, optionally having from 1 to 3 substituents 
selected from the group consisting of 

i) C 3 - 8 -cycloalkyl; 

ii) Ci-6-alkyl, optionally having from 1 to 3 substituents selected from 
the group consisting of C 3 -8-cycloalkyl, hydroxy, Ci-6-alkoxy, 
phenylamino, morpholinyl, (Ci^-alkyl)-aminocarbonyl, 
benzo[2,3]dioxolyl and C 6 -Ci 0 -aryl, wherein said aryl is optionally 
substituted with Ci- 6 -alkyl or Ci-e-alkoxy; 

iii) C 6 -Cio-aryl, optionally having from 1 to 3 substituents selected from 
the group consisting of halogen, Ci-6-alkoxy, trifluoromethyl and 
cyano; 

iv) hydroxy; 

v) Ci-6-alkoxy; 

vi) Ci^-dialkylamino; 

vii) (Ci- 6 -alkoxy)-carbonyl; 

viii) aminocarbonyl; and 

ix) heteroaryl; 



144 



WO 03/051877 



PCT/US02/40328 



X and Y together with the nitrogen atom to which they are attached form 
heterocyclyl fused to Ce-Cio-aryl, optionally having from. 1 to 3 
substituents selected from the group consisting of halogen, Ci-6- 
alkyl, Q-6-alkoxy and hydroxymethyl; 



X denotes hydrogen and 

Y denotes -NR 9 R 10 ; 

wherein R 9 and R 10 independently from each other denote 

1) hydrogen, 

2) C 6 -Cio-aryl, optionally having from 1 to 3 substituents 
selected from the group consisting of halogen, Ci- 6 -alkyl and 
trifluoromethyl, 

3) heterocyclyl, 

4) C3_8-cycloalkyl, or 

5) Ci-6-alkyl; 

or 

R 9 and R 10 together with the nitrogen atom to which they are 
attached form heterocyclyl or heteroaryl, wherein said heterocyclyl or 
heteroaryl optionally have from 1 to 3 substituents selected from the 
group consisting of Ci-6-alkyl and methoxymethyl; 

and an isomer, a pharmaceutically acceptable salt, a hydrate or a hydrate of a 
pharmaceuticaUy acceptable salt thereof. 

3. A compound as recited in claim 1 , wherein 
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x and y each other denote 1 



R 1 and R 2 independently from each other denote hydrogen or C M -alkyl; 



denotes Ci^-alkyl or trifluoromethyl; 



R 



denotes Ci-4-alkyl; 



denotes a radical of the formula selected from the group consisting of: 



F O 





and 




wherein 



X and Y independently from each other denote 



i) hydrogen; 

ii) Ci-e-alkoxy, 

iii) C 3 . 8 -cycloalkyl selected from the group consisting of cyclopropyl, 
cyclobutyL cyclopentyl, and cyclohexyl, said C 3 -8-cycloalkyl 
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optionally having from 1 to 2 substituents selected from the group 
consisting of Ci^-alkyl, hydroxy, benzyloxy and tert- 
butyldimethylsilyloxy; 
iv) indanyl, 2-hydroxyindanyl, or 1,2,3,4-tetrahydronaphthalenyl; 
5 v) [2.2.1]bicycloheptane; 

vi) naphthyl, 4-methoxyphenyl, 3-(Ci^-alkoxycarbonyl)phenyl or 2- 
methoxy-4-methylphenyl; 

vii) benzo[2,3]dioxolyl; 

viii) pyrrolidinyl, optionally having from 1 to 2 substituents selected from 
10 the group consisting of Ci^-alkoxy, phenyloxy, benzyloxy and 

benzyl; 

ix) thiazolyl, or pyridyl; or 

x) Ci^-alkyl, optionally having from 1 to 2 substituents selected from 
the group consisting of 

15 a) halogen up to perhalo, 

b) cyano, 

c) hydroxy, Q-e-alkoxy, benzyloxy, hydroxy-C2-6-alkoxy, or 
methoxyphenoxy, 

d) Ci-6-dialkylamino, di-(hydroxy-Ci^-alkyl)-amino, 
20 pyridylamino, or anilino, 

e) C6-io-aryl selected from the group consisting of naphthyl and 
phenyl, said Ce-io-aryl optionally having from 1 to 2 
substituents selected from the group consisting of fluoro, 
chloro, bromo, iodo, nitro, hydroxy, Ci^-alkyl, Ci^-alkoxy, 

25 trifluoromethyl, trifluoromethoxy, phenyl, amino and Ci-6- 

dialkylamino, 

f) benzo[2,3]dioxolyl, or 2,3-dihydrobenzo[ 1 ,4]dioxinyl, 

g) heterocyclyl selected from the group consisting of pyrazolyl, 
pyrazinyl, pyrrolyl, furyl, indolyl, thienyl, imidazoyl, and 

30 pyridyl, said heterocyclyl optionally having from 1 to 2 
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substituents selected from the group consisting of Ci^-alkyl, 
hydroxy, Ci^-alkoxy, benzyloxy and trifluoromethyl, 

h) moipholino, tetrahydrofuranyl, piperidinyl, pyrrolidinyl, 
optionally further substituted with 1 to 2 substituents CW 

5 alkyl or benzyl, and 

i) C 3 ^-cycloalkyl selected from the group consisting of 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, said C 3 - 
g-cycloalkyl optionally being further substituted with 1 to 2 
substituents hydroxy; 

10 

or 

X and Y together with the nitrogen atom to which they are attached form 

i) morpholino, optionally further subsituted with 1 to 2 substituents d- 
15 6-alkyl; 

ii) piperidinyl, optionally having from 1 to 2 substituents selected from 
the group consisting of hydroxyl, hydroxymethyl and Ci^-alkyl; 

iii) pyrrolidinyl, optionally having from 1 to 2 substituents selected from 
the group consisting of Ci-6-dialkylamino, pyridyl, carboxamido, Ci_ 

20 6-alkoxy, phenylaminomethyl, methoxymethyl and methoxyphenyl; 

or 

iv) piperazinyl, optionally having from 1 to 2 substituents selected from 
the group consisting of cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cyclohexylmethyl, benzyl, morpholinoethyl, Ci_ 6 -alkyl, 

25 (Ci-6-alkoxy)-carbonyl, (Ci^-aUcylaminocarbonyl)methyl, pyridyl, 

pyrazinyl, pyridylmethyl, benzo[2,3]dioxolyl and phenyl, wherein 
said phenyl is optionally substituted with 1 to 2 substituents selected 
from the group consisting of fluoro, chloro, bromo, iodo, 
trifluoromethyl, cyano and Ci^-alkoxy; 



30 



or 
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25 



30 



X and Y together with the nitrogen atom to which they are attached form 
dimethoxytetrahydroisoquinolinyl, 2-methyl-6- 
fluorotetrahydroquinolinyl, indolinyl, isoindolinyl or 
2-hydroxymethyltelxahy(koisoquinolinyl; 



or 



X denotes hydrogen and 

10 Y denotes 

a) phenylamino, having from 1 to 2 substituents selected from 
the group consisting of fluoro, chloro, bromo, iodo, 
trifluoromethyl and Ci-6-alkyl; 

b) piperidinyl, optionally further substituted with 1 to 2 C^- 

15 alkyl; 

c) triazolyl; 

d) pyrrolidinyl, optionally further substituted with 1 to 2 
methoxymethyl; 

e) morpholino; 
20 f) imidazoyl; 

g) C 3 - 8 -cycloalkyl selected from the group consisting of 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; 

h) Ci-6-dialkylamino; or 

i) azepanyl; 



and an isomer, a phannaceutically acceptable salt, a hydrate or a hydrate of a 
phannaceutically acceptable salt thereof. 

4. A compound as recited in claim 1 , wherein the compound has the formula (T): 
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wherein R 3 to R 5 are defined as described in claim 1. 
5. A compound as recited in claim 1 , wherein 

R 5 denotes a radical of the formula selected from the group consisting 




compound of the formula 
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(RO) y - 




(IV) 



wherein x, y, R 1 , R 2 and R 4 are as defined in claim 1, 



[A] with the compounds of the formulae 



OHC 




and 



(HI) 

wherein R 3 and R 5 are as defined in claim 1, or 



R 3 -CH 2 -N0 2 

(m) 



[B] with a compound of the formula 




(XI) 



wherein R 3 and R 5 are as defined in claim 1 , 
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and optionally 

[Cl conversion of to componnd obtained through either process [A] or [B] into an isomaa, 
a pharmaceutical!, acceptable salt a hydrate, or a hydrate of a pharmaceutical* acceptable 
salt thereof. 



7. A process for manufacturing a compound of claim 1, comprising the reaction of a 
compound of the formula 



2n\ — 



(R'0> 




^ X0 2 H 



wherein X, Y, R 1 , R 2 and R 4 are as defined in claim 1, 
with a compound of formula HNXY. 

8. A compound according to claim 1 for the treatment and/or prophylaxis of disorders. 

9. A medicament containing at least one compound according claim 1 in combination 
with at least one pharmaceutical^ acceptable, pharmaceutical^ safe carrier or excipient. 

10. The use of a compound according to claim 1 for manufacturing a medicament for 
the treatment and/or prophylaxis of cancer. 
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1 1 . The medicament a< 
cancer. 



.ccording to Claim 9 for the treatment and/or prophylaxis of 



12 Theprocessforcontio^^ 

therapeutically effective amount of at least one compound according to claim 1 . 
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